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“. .. the United States will take positive, concrete steps toward internationalizing
man’s epic venture into space—an adventure that belongs not to one nation but to
all mankind. I believe that both the adventures and the applications of space mis-
sions should be shared by all peoples. Our progress will be faster and our accom-
plishments greater if nations will join together in this effort, both in contributing
the resources and in enjoying the benefits.”

{(Excerpt from President Nixon’s statement on
March 7, 1970, Key Biscayne, Florida)
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RIPENING OPPORTUNITIES
'FOR GLOBAL COOPFRATION

a

We take pleasure in devoting this
issue of our publication to discussions
highlighting NASA's major challenges
for the Seventies, from the perspective
of a representative group whose mem-
bers have played distinguished roles in
structuring the successful space pro-
grams of the Sixties, From this experi-
ence stem the thoughts, synopsized on
these pages, on the beneficial uses of
man’s developing skills and tools in a

- newly-accessible realm, of dimensions

to match his imagination.

The many momentous events and
vaiiant deeds of the last decade leave
us a legacy of vital technological
progress, which formerly was the con-
comitant only of global conflicts.

We are proud to be an active part of
an industrial community which con-
tributed to the development of a new
level of national competence in the
last decade, with attendant benefits to
the economy and national prestige;
and we welcome the opportunities
presented by the current decade for
directing this newly-acquired compe-
tence toward the improvement of the
conditions of life on our planet.

On a planet moving in a universe
ruled by a diversity of scarcely-under-
stood forces, new science and tech-
nology provide for man insights on
aspects of reality which relate directly
to his comfort, sustenance, and sur-
vival, These insights, be they newly-
discovered truths or novel tools, serve
to extend the dimensions of his con-
sciousness, and to augment his powers
to shape his destiny, As attested by
the record of human events, the socie-
ties which have failed to appraise this
vital tenet of existence have either
been overcome by their more vigorous
contemporaries, or have withered in
their neglect.

A simplistic notion is swelling in our
nation today tending to discredit sci-
ence and technology, and to ascribe to
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them the host of social ills that are
now impinging on human conscious-
ness. And through fatuous discredit-
5 ing of the role and beneficial aspects _ T e
: of science and technology we are B

losing sight of the very potentials of
our new scientific tools and methods
¢ that may serve us in seeking answers to
; our dilemmas. In the wake of a most
! remarkable decade of achievements we
] can ill-afford to lapse back into ihe
f innocence and technological torpor of
{

-

pre-Sputnik days; we may never have
the luxury of a second start in this
eventful century.

Is it not significant that many of the
dilemmas of the human condition —
which we now consider in conflict
with man’s higher aspirations, and
hence insufferable — were, not so long
ago, still accepted as part of the
human lot on this planet? Is it not also
noteworthy that this change in atti-
tude and aspirations became more
. pronounced in this era of space explor-
ation — the high bench mark of
3? science and technology?

In the first decade of space achieve-
ments, it was vigorous international
competition which motivated man to
reach the moon and the thresholds of
the planets. Today, in the second
decade, unprecedented opportunities
are beckoning to motivate man to
work with his fellowman, endowed
il with vision from a new perspective — a
H perspective  which makes political
boundaries recede into imperceptibil-
ity ... oceans and continents to coa-
lesce into the outline of a tiny, blue,
¢ and beautiful planet ... and many of
its major problems to merge into the

challenges common to the diminutive , o
community of man. ! 2 . /W
Dare we fail to grasp the signifi- d

.

cance of this moment, and be negli- Daniel J. Fink, Vice President
gent in fulfilling the promise of its General Electric Company
unequaled opportunities? General Manager, Space Division
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ACTIVE RCLE FOR NASC SEEN IN 70S

BY AGENCY’S EXECUTIVE SECRETARY #ih.

Interview with William A. Anders*

Executive Secretary, National Aeronautics and Space Council

Under charter provided by 1958 Space Act to National Aeronautics and Space Council
energetic former astronaut aims at broadening agency’s problem-solving capabilities

Historians of the future who focus
their hindsight on the signal docu-
ments of this century, are likely to
pick PL 85-568 as the epochal piece of
legislation that led the 1J.S. into the
space age.

Better known as the National Aero-
nautics and Space Act of 1958, this
43-page declaration constitutes in
effect the combined birth certificate

of the National Aeronautics and Space’

Council (NASC) and the National
Aeronautics and Space Administration
{NASA). Congress has amended the
basic Space Act from time to time, to
keep it up to date with changing
circumstances. The National Aero-
nautics and Space Council includes:
the Vice President as Chairman, the
Secretaries of State and Defense, the
Chairman of the Atomic Energy Com-
mission, and the Administrator of tiie
NASA. The Secretary of Transporta-
tion is also invited to participate when-
ever discussions bear on aeronautics.
As the Council’s Executive Secretary, |
am responsible for the development
and direction of the advisory staff.

It’s unfortunate, in a way, that
names and designations which are
lengthy often tend to get telescoped in
usage to the point of losing identity.
As a descriptive identity, the once
significantly structured name of
National Aeronautics and Space
Council has gradually eroded into that
of “Space Council.” | feel that this
transfiguration has been insidiously
detrimental to the original purpose
and policy of this Council. That is, the
shedding of the qualifier “National”’
has deemphasized the Council’s
charter and character, and the muting
of the term “Aeronautics” has tended
to weight the Council’s apparent orien-
tation singularly toward “Space.”

Perhaps in the period leading up to

*Crew member of APOLLO 8-manned by astro-
nauts Frank Borman, James A. Lovell, Jr., and
William A. Anders—launched on December 21,
1968, which became the first manned spacecraft
to orbit the moon.

FRIC

“As a descriptive identity, the once significantly structured name of Natjonal Aeronautics and

Space Council has gradually eroded into that of ‘Space Council.’ | feel that this has been
detrimental to the original purpose and policy of this Council.”

the lunar landings it was appropriate
to have a more narrowly directed
national orientation. But now that we
have attained our initial objective of
manned lunar exploration, we should
broaden our aims toward a wider
spectrum of aero-space competence.
President Nixon's statement of March
7 at Key Biscayne stressed the impor-
tance, for our nation, of adopting a
“bold and balanced” approach to
space exploration. This concept of a
balanced approach is inherent also to

the Act which provides the charters of
the NASC and NASA. Here’s some of
the specific wording of the legislation
that states NASC'’s reason for being:

“It shall be the function of the
Council to advise and assist the Presi-
dent, as he may request, with respect
to the performance of functions in the
aeronautics and space field, including
the following functions:

{1) Survey all significant aeronau-
tical and space activities, including the
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“Located as it is, close io the political pulse of the nation, the Counci!’s orientation could easily
be political rather than technical. It is my intention :0 make a strong technical and policy
orientation przvail. For | believe it is primarily through this kind of orientation that we can
hope to render our country’s aerospace activities most relevant to some of the major problems
we are facing as a nation."”’
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policies, plans, programs, and accom-
plishments of all departments and
agencies of the United States engaged
in such activities;

(2) Develop a comprehensive pro-
gram of aeronautical and space activ-
ities to be conducted by departments
and agencies of the United States;

{3) Designate and fix responsibility
for the direction of major aeronautical
and space activities;

(4) Provide for effective coopera-
tion among all departments and
agencies of the United States engaged
in aeronautical and space activities,
and specify, in any case in which
primary responsibility for any cate-
gory of aeronautical and space activ-
ities has been assigned to any depart-
ment or agency, which of those activ-
ities may be carried on concurrently
by other departments or agencies; and

(5) Resolve differences arising
among departments and agencies of
the United States with respect to
aeronautical and space activities under
this Act, including differernces as to
whether a particular project is an
aeronautical and space activity.”

What this implies, in essence, is that
the NASC is a Cabinet-level organiza-
tion that looks at aerospace
activities — and makes policy recom-
mendations to the President as the
ultimate decision-maker, So in my
position as Executive Secretary of the
NASC | must view the nation’s aero-
space activities through the President’s
eyes, so to speak, in order to help
determine what needs to be done to
serve national interests in aeronautics
and space — consistent with other
priorities. Considering the swift pace
of advances in these fields, this task of
the NASC is of a self-rene ving nature,
This was reflected in part in the Space
Task Group Report to the President
(September 1969) with a closing state-
ment to the Conclusions and Recom-
mendations, as follows:
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“The environment in which the
space program is viewed is a vibrant,
changing one and the new opportuni-
ties that tomorrow will bring cannot
be predicted with certainty. Our plan-
ning for the future should recognize
this rapidly changing nature of oppor-
tunities in space.

“We recommend that the National
Aeronautics and Space Council be
utilized as a mechanism for continuing
reassessment of the character and pace
~ of the space program.”

Key Role of Space Task Group

Starting with the mid-Sixties, when
each success of the Gemini i"rcgram
was bringing the Apollo Program a
building block closer to reality, the
concern of the aerospace community
was turning to the uncharted region of
post-Apollo goals. Eventually, with the
approaching lunar landing, the need to
establish new space goals ripened. To
his credit, Dr. Lee A. DuBridge, sci-
ence adviser to President Nixon, early
in 1969 suggested the formation of a
Space Task Group to make definitive
recommendations on the future direc-
tion of the U.S. space program. Thus
at the President’s request a Space Task

- Group was assembled, under the chair-
manship of Vice President Agnew,
composed of Dr. Robert C. Seamans,

Secretary of the Air Force; Dr.

Thomas O. Paine, Administrator,
NASA; Dr. DuBridge; Dr. U. Alexis
Johnson, Under Secretary of State for
Political Affairs; and Dr. Glenn T.
Seaborg, Chairman, Atomic Energy

-...Commission; with.Dr..Robert.P. Mayo, .. 1.

Director, Bureau of the Budget, and
Dr. DuBridge as observers. The report
of the Space Task Group made to the
President in September 1969 — as |
began my assignment — provided the
bases for Mr. Nixon’s announcement,
on March 7 of this year, for a “bold
and balanced” U.S. Space Program for

the Seventies. And what has been
made clear regarding the ‘“balanced”
approach to future efforts in space is
that, as stated by the President, our
Space Program should be directed (1)
to achieve manned exploration, (2) to
acquire scientific knowledge, and (3)
to yield practical applications for
improving the conditions of life on
Earth.

Thus the Space Task Group has -
fulfilled its vital catalytic function,
and the U.S. Space Program has
acquired its objectives for the Seven-
ties. 1t is now the management chal-
lenge of the NASC to continually -
review the course of the Space Pro-
gram charted by the President, and to

_implement national policy and coordi-

nation decisions toward- the estab-
lished objectives. The NASC charter
provided by the Space Act of 1958 is
actually ‘quite broad and adequate for
carrying out these tasks.

Staffing of the Top Team

One of my first concerns, after
being appointed as Executive Secre-
tary of the NASC, was to meet with
the Vice President and traditional
Chairman of the. Z~uncil, as well as

- with - the other members and the

Executive Office, regarding what |
should do in my new position. There
was general agreement that | should
work to develop a competent staff
which would assist in providing and
maintaining the new direction of the
Space Program. With general guidance
from the Vice President; and consider-
able latitude to implement the Coun-

"¢il’s ‘charter” IfiiAOW T process ™ of [~

developing initial candidate policy
issues for possible Council consider-
ation. '

My initial concern was to bring
together a small group of civilian and
military experts, from'various fields of
aerospace activity, to solidify a broad
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aeronautics and space, ultimately for the general welfare and security of the United States."
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spectrum of capability in the eyes of
the Executive Office. The functions
and responsibilities of our staff require
a considerably broad viewpoint; we
need to keep our sights on the over-
view and not get mired in minutiae,
We must, however, be also capable of
focusing attention on so-called nuts-
and-bolts aspects, should these appear
to be of significance in the greater
scheme of things. '

Located as it is, close to the polit-
ical pulse of the nation, the Council’s
orientation could easily be political
rather than technical. It is my inten-
tion to make a strong technical and
policy orientation prevail. For | be-
lieve it is primarily through this kind
of orientation that we can hope to
render our country’s aerospace activ-
ities most relevant to some of the
major problems we are facing as a
nation. It is also my intention to make
certain that an environment benevo-
lent to aeronautics is maintained, so as
to prevent technological lags in this
field. -

Policy Needed on Aeronautics

The Space Task Group prescribed
certain directions for the post-Apollo
Space Program, and the President
translated these into goals. As such, we

_have fairly well-delineated guideposts

to our near-term objectives in space;
we shall reassess these on a yearly basis

to determine our progress. But we

have no equally clear national direc-
tion or policy on aeronautics. The
NASC will work toward the definition

of our national objectives in this re-
- 'SpeCt';"'“""""' s S et b A e ST e s

Among the promising concepts of
aeronautics close to realization, for
example, is that of short take-off and
landing (STOL) aircraft. Yet the devel-
opment of this concept to the point of
practicality seems to be stymied, at
the moment, by the consideration of

needs versus facilities. From the
wealth of technological advances made
in the process of exploring space, there
must undoubtedly exist a host of
developments of potential application
to aeronautics. I'm sure I’m not alone
on this aspect of technology transfer,
nor in feeling the need to bolster cur
R&D in aeronautics. Similar feelings
were expressed, earlier this year,
during a session of the House Sub-
Comittee on Advanced Research and
Technology, with recommendations
that the United States establish -a
national aeronautics and aviation
policy emphasizing R&D toward the
solution of some major aviation prob-
lems, including: avionics, propulsion,
noise - suppression, instrumentation,
turbines and compressors, man-
machine relationships, air traffic con-
trol and air congestion.

As implied by our charter, or basic
mission is to broadly coordinate the
technical aspects of aeronautics and
space, ultimately for the general wel-
fare and security of the United States.
This is, then, a function that will
depend greatly on effective communi-
cation among and with the intricate
network of government agencies. We
have developed a comprehensive list of
organizations and individuals, in the
government, which have an interest in
aeronautics and space; we are now
establishing a procedure to assure the
active and bilaterial flow of informa-
tion.

We are facing a spectrum of tech-
nological and managerial challenges,
both in aeronautics and space, which

cance. As a policy-development team
of the Executive Branch, the NASC is
provided with a unique vantage point
for the consideration of unusual prob-

lems, and also with the opportunities -

to recommend viable and achievable
alternatives, to the Pres- A
ident, for their solution.
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Dr. Wernher von Braun
Deputy Associate Administrator for Planning

Charles W. Mathews
Deputy Associate Administrator, Office of
Manned Space Flight

BN
Oran W. Nicks *

Acting Associate Administrator for Advanced
Research and Technology

*Presently, Deputy Director of the NASA Langley
Research Center. :
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CONCEPTS FOR SPACE STATION & SHUTTLE
SHAPING UP FROM STRENGTHS OF CENTERS

Viewpoints from NASA Headquarters on the technological and managerial challenges of the
manned space-flight programs of the Seventies, their scope and significance, and facets of
organizational roles, by the following:

Dale D. Myers
Associate Administrator for Manned Space Flight

Adelbert O. Tischler
Director, Chemical Propulsion Division

Office of Advanced Research and Technology
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POST-APOLLO MANNED OPERATIONS
CENTER ON MAXIMIZING RETURNS

Dr. Wernher von Braun
Deputy Associate Administrator for Planning
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"“The first science and applications work in orbit, supported by astronaut-scientists, will begin
in 1972 with the launching of the Skylab. The Skylab Program (known previously as the Apollo
Applications Program) will make maximum use of Apollo Program experience and hardware for

the conduct of space science and applications work.”

Dr. von Braun heads the NASA
Planning Board which was formed, on
May 4, 1970, to integrate and cen-
tralize the agency’s planning activities,
and to serve in an advisory capacity to
the Administrator.

Charged with the NASA-wide in-
tegration of aeronautics and space
program planning, this Board and its
activities are 'supported by a central
staff under Dr. von Braun and Dr,
DeMarquis D, Wyatt, Assistant Ad-
nimistrator for Planning, The Board’s
function is to oversee and supplement
the planning performed by all NASA
line offices..
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In the heydays of Apollo, we had a
very simple and clear charter to land a
man on the moon in the Sixties and
bring him back alive. So there was very
little talk about goals and objectives in
manned space flight., The goals and
objectives were stated back in 1961,
and had never changed.

In the post-Apollo 11 environment,
we shall have to make the applications
and the science returns justify and pay
for a good part of the space program.
Unless we can prove to the partici-
pating scientists, the people on the
street, and to our ‘‘customer’ agencies
that the space program is really useful
for them, we will find it increasingly
difficult to retain their continued sup-
port.

The first science and applications
work in orbit supported by astronaut-
scientists will begin in 1972 with the
launching of the Skylab. The Skylab
Program (known previously as the
Apollo  Applications Program) will
make maximum use of Apollo Pro-
gram experience and hardware for the
conduct of space science and applica-
tions tasks.

The first Skylab flight will be un-
manned, boosted by a two-stage
Saturn V. Only the first and second
stages will be live Saturn V stages. The
third stage is replaced by what we used
to call the Orbital Workshop and what
we now call the Skylab. The Skylab
will be this country’s first manned
orbital space station.

Attached to this Skylab will be an
Airlock Module (AM) and a Multiple
Docking Adapter (MDA), to which
arriving Command and Service Mod-
ules dock for crew exchange. Also
attached to it will be the ATM — the
Apollo Telescope Mount, a manned
solar observatory serviced by the
astronaut-scientists living in the Sky-
lab.

One day after the Skylab with its
attached modules has been launched
into orbit (and has deployed the solar

Artist’s concept depicting Skylab in Earth orbit.

panels both of the ATM and Skylab
itself), it will be visited by a Saturn
IB-launched Command and Service
Module, manned by the first Skylab
crew complement of three.

The Command Module docks with
the Multipie Docking Adapter, and the
crew slips through the Docking Adapt-
er and the Airlock Module into the
Skylab which provides quarters for
them. The first crew will stay up there
for 28 days. This is about twice as long
as the longest flight so far — that of
Gemini 7 — where Frank Borman and
Jim Lovell orbited the earth for 14
days.

After the 28 days are over, the three
men will crawl back into their Com-
mand Module, detach the CSM from
the MDA, and use the Service Module
propulsion system to deboost them-
selves back into the atmosphere. Prior
to reentry, the Command Module will
detach itself from the Service Module.
It will then go through the usual

airbraking sequence and make a nor-

mal Apollo parachute landing.

About three months after the first
flight, another flight will go up. This
time the crew will stay in the Skylab
for 56 days.

Finally, there will be a third visit,
again of 56 days, after which the third
crew will descend. The Skylab will
then go into storage. It can be reac-
tivated thereafter for a few more
revisits, if desired.

Second Generation Station

The Skylab will be this country’s
first Space Station. We hope it will be
succeeded by a modularized long-life
Space Station, which will come in the
late Seventies. This station will in all
likelihood be 33 feet in diameter, and
each module will be capable of accom-
modating a total of twelve people. The
modules can be stacked together, and
the Staticn can grow as more modules
are brought up.
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Space Shuttle

To transfer equipment and person-
nel between the Earth and this perma-
nent Space Station, a Space Shuttle
will be used. The development of this
Shuttle is, of course, one of the most
exciting and at the same time one of
the most difficult problems NASA is
about to tackle. In the Saturn V, as in
all other launch vehicles used thus far,
we have thrown all our rocket stages
away as we went up into orbit, and
onto the moon. This, of course, is a
very costly operation.

So the obvious idea occurred: can
one not build a completely reusable
vehicle that can fly into orbit and
return, like an airplane, to be refueled
and fly again; a vehicle that can do
that maybe a hundred times?

Well, with presently available pro-
pellants, including liquid hydrogen/
liquid oxygen, any idea of building a
one-stage-to-orbit vehicle doesn’t look
very promising. I’m not saying that it
cannot be done, but our studies in-
dicate that all one-stage-to-orbit de-
signs are very marginal and so sensitive
with respect to weight and perform-
ance assumptions that you’d lose all
your payload if you stay just a little
bit too far on the optimistic side. And
we just don’t know enough about such
vehicles  to be able to say with cer-
tainty that our present technology

. permits us to build a single-stage-to-

orbit vehicle with a reasonable pay-
load. .

So all our studies indicate that we
seem to need a two-stage-to-orbit vehi-
cle. It could take the form of a big
rocket-powered airplane, the
“booster,” to which a smaller rocket
plane, the ‘“orbiter” would be side-
strapped. The unit would take off
vertically. At about Mach number 9
the propellant tanks of the booster
would be depleted. At this point, the
booster would peel off and the re-
usable orbiter would be ignited.

]
¥
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“The development of the Space Shuttle is
one of the most exciting and most difficult
problems NASA is about to tackle.”

During its deceleration to subsonic
speed, the booster would perform a
U-turn and, with the help of air-
breathing jet engines, return to the
launch site where it would land air-
plane fashion. Only the reusable or-
biter would reach orbit. It would get
into orbit with its payload and enough
propellant left for the return flight. To
return, it would deboost itself back
into the atmosphere for an aerody-
namic deceleration and a subsequent
airplane-type landing.

All-out vs Piecemeal Approach

A reusable booster and a reusable
orbiter is, of course, an all-out solu-
tion. One could conceivably argue:
“Let’s not go all-out; let’s at first just
aim for a reusable orbiter.” Even here
one has several options. For example,

7
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one could envision a returnable air-
plane-type spacecraft that is boosted
to orbit, either with an all-solid
booster or with something like a Titan
Il, a large liquid rocket, to which a
number of solids are strapped. The
liquid fuel Titan core itself could be a
two-stage vehicle, In this case we
would get a throw-away multi-stage
booster with a reusable orbiter, We
could also use one or two stages of the
Saturn V to help get the reusable
spacecraft into orbit. Needless to say,
any such half-expendable, half-
reusable vehicle would only be an
interim solution that could never com-
pete in recurrent flight costs with a
fully reusable system.

On the other hand, it may still be
too early to say which development
route, all-out or piecemeal, should be
chosen toward the ultimate objective.
Clearly, as far as recurrent cost is
concerned, a completely reusable
system will be more cost effective.
Once you have a reusable two-stage
vehicle, it seems that you could make
one flight to orbit for something like
$5 million, Of this, about one-half
would probably be for amortization of
the machine. So, if your two-stage

~Vehicle were capable of making 100

flights, but costs $250 million to
build — then you would have to charge
$2.5 million depreciation per flight.

Reusably orbiters launched by dis-
cardable rocket-stages are undoubted|y
more costly to launch to orbit just
because during each flight you would
throw the rocket stages away. But the
initial non-recurrent cost to develop
such a hybrid machine would be sub-
stantially less than that leading toward
a completely reusable two-stage
system,

Question of Returns
And so one of the crucial questions

we are presently wreslting with in
NASA is this: will the traffic that can

Q

orbit for something like $5 million. Of this, about one-half would probably be for amortization

of the machine.”
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be expected in the next 10 or 15 years
justify -an initial multi-billion dollar

outlay to develop a completely re- -

usable Shuttle vehicle? Can we expect
that the drastic reduction in orbital
flight cost-and.the Shuttle’s ability to

be used almost like an airplane will -

attract enough new space business to
justify this kind of an investment? Or
would we be smarter to go only half
way by limiting our objective to a
reusable orbiter thereby foregoing the
chance of a drastic fare reduction?
Should we stick to throw-away boost
stages for a while and tackle a reusable
booster later? Or shouid we possibly
build only a reusable booster at first,
and inject the manned or unmanned

spacecraft into orbit with a discardable’

second stage? -

There is also the questlon of prac--

tical feasibility of buiiding at once a
very large two-stage reusable Shuttle,
considering the state of the art. Some
people seem to believe that it would
be smarter to develop a smaller re-
usable spacecraft first and use this to
learn how to build a large one.

The question of optimum payload
size and weight for the Shuttle has not
yet been settled, ariyway. Some people

favor smaller vehicles because, as the

logic goes, a smaller vehicle would

make more flights to. move any given

total traffic volume. And it is in the
very nature of a reusable -Shuttle vehi-

cle, of course, that it loses money .
while it’s sitting on the ground —just_

like an airliner.:

This is the point in -favor of smaller
Shuttles. The argument in favor of
larger- payloads is that a substantial
portion of future traffic will be to very
high orbits, in particular Earth-

synchronous orbits. In order to get.

even a modest unmanned: payload to
synchronous orbit (with the help of an
extra’ high-speed stage), the Shuttle’s
low orbit. payload capability must be
quite high. -
There are lots of market studles

going on in that area — what will the
market spectrum for orbital flights
really be? It is almost like an airline
trying to find out what type airplane
to acquire for its particular route
structure. Only an airline knows what
its route structure is; we don’t.

Figure 1 shows several types of
Shuttle concepts presently under
study. :

Mode of Operation

Figure 2 shows how the completely
reusable vehicle would work in princi-

ple. After the booster peels off, it
- makes a high angle-of-attack reentry,
. while ‘turning back to base. Its air-

breathing cruise engines enable it to
fly back to the launch site.

The orbiting vehicle goes all the way
into orbit. It first enters a 100 nautical
mile orbit from which it can make a
Hohmann transfer to a higher orbit.
Here it can stay up to two weeks, To
return, it deboosts back into the atmo-
sphere for aerodynamic braking and
descent. The orbiting vehicle probably

~ does not need air-breathing engines

because the departure from orbit can
be timed so the landing area on the
rotating Earth rolls into the footprint
area. There is still some question with

_respect to the need for go-around

capability, or at least an ability to
provide for a powered approach.

Possible Applications

Regardless of whether the booster is
reusable or not, the upper end, the
orbiting "element, will probably look
something like the vehicle shown in.
Figure :3.. Now this configuration

~would give us cver a'thousand miles

cross-range, which- seems to. be desir-
able -for some applications. If a hun-

-dred miles cross-range is sufficient, the

orbiter could have straight wings in-
stead.
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“Scientific or applications tasks would be
executed aboard the Shuttle by its pas-
senge:-scientists pretty much like scientific
data are collected from an aceanographic
research ship.”

. also. deliver_propellants into orbit. Pro-

© TWO STAGE SPACE SHUTTLE CONFIGURATIONS -

Fig. 3

A reusable Space Shuttle can be
used for a wide variety of applications.
For instance, it can carry quite a few
passengers- into orbit. The true astro-
nauts, in our present sense of the
word, would be confined to the
cockpit — like the flight crew of an
airliner. The passengers in the back
could be scientists, engineers or tech-
nicians who need not have any higher
medical qualifications than an airline
passenger.

By placing tanks into the orbiter’s
cargo compartment, the Shuttle can

pellants will be needed for orbit-to-
orbit transfer operations with the help
of orbital “tugs,” or to fuel nuclear
“Nerva’ type rockets for flights to the
moon or the planets,

One of the most interesting uses of
the Shuttle will undoubtedly be the
“sortie”” mission. The orbiter’s cargo
bay will be large enough to accom-

modate sizable instrument installations
for astronomical and Earth observa-
tion. Many of these tasks can be
completed within the crbiter’s two-
week life-support limit, Such scientific
or applications tasks would then be
executed aboard the Shuttle by its
passenger-scientists pretty much like
scientific data are collected from an
oceanographic research ship. After two
weeks, the orbiter returns both the
scientists and their instrument instal-
lations to Earth and the instrumenta-
tion can be updated, modified or

.rebuilt. A few weeks or months later, |

the observers and their equipment can
be taken aloft again for another orbital
flight. In this operating mode it
appears possible to make very substan-
tial savings in ‘space payload costs.
These savings may indeed turn ‘out to
be the most important contribution of
the Shuttle to the reduc- A
tion of space flight costs,
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Charles W. Mathews

We look upon both the Space Sta-
; tion and the Shuttle as the most
significant elements in our approach to
i long-term, low-cost utilization of
space.

Over the past ten years we have
been able to maintain a fairly active
I8 pace of both manned and unmanned
: programs, Our unmanned programs
have served to glean a mass of scienti-
3 fic data from space, as well as pro-
IS duced the first practical tools for
; putting space at the service of man;
while our manned programs, in addi-
tion to expanding operational capa-
bilities in successive steps, have culmi-
nated in one of the major achieve-
ments of this century — the journey to
) and landing of men on the moon. We
have thus been abie to vector our
operational capabilities to areas of
activity aimed at the needs of the
future,

The unprecedented potential of the
combined capabilities of the Shuttle
and Station arises from the technologi-
cal base and the experience developed
from both manned and unmanned
missions. In addition, before the
Shuttle and Station concepts mate-
rialize, we shall also have the benefit
of basic operational experience in late
1972, from the Skylab Program which
uses much of the hardware and know-
how developed in Apoallo.
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Pilot Functions of Skylab

Utilizing some of the hardware
developed for the lunar exploration
program, the Skylab will serve as an
early experimental Space Station, It
will be used for conducting scientific
£ investigations in Earth orbit, to deve-
g lop methods of assessing Earth’s en-
? vironment from space; and will also be
used for gaining a detailed understand-
ing of man’s capability to live and
work in space for increasing periods.
; The principal scientific effort in this
: program will involve the use of a solar

ERIC
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AN OVERVIEW OF THE SKYLAB,
STATION AND SHUTTLE ROLES

Deputy Associate Administrator, Olfice of Manned Space Flight

"Economical space operations is the focal consideration around which the concepts of the Space
Station and those of its logistics support vehicle, the Shuttle, have been evolving.”
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astronomy module for detailed studies
of the sun, whose energy provides the
driving force that controls our environ-
ment on Earth and throughout the
solar system.

Another significant group of Skylab
experiments shall center on applica-
tions, such as observations of Earth
resources, meteorology, communica-
tions and material processing. This
group of experiments will add to and

" complement the knowledge gained

from ground-based research and auto-
mated space programs aimed at direct
benefits to man.

A third cluster of activities planned

- for “the Skylab will involve habita-

bility, medical, behavioral and work-
effectiveness experiments on missions
of increasing duration, probably up to

" eight weeks. Biological studies are also
.planned on the effect of zero gravity

on living organisms and the effect of
the alteration of the basic rhythms,
such as the sequence of day and night,
which influence the processes of life.

The combined results of all these
activities wit’ the Skylab will give us
vital scientific and engineering data we
cannot acquire otherwise. These data
will enable us to establish sound and
economical bases for our subsequent
phases of space operations and exploi-
tation.

For Long Operational Spans

Until about a year ago, our plan was
to utilize the spent Saturn IB second
stage as the first Orbital Workshop
after this stage had served its function
as booster. The solar observatory part
of the Skylab would then have been
launched by another Saturn 1B, and
the two would have been docked
together. However, the results of tests
and Systems Engineering analyses indi-
cated that flight hardware, launch
facility requirements, and space flight

operations would be simplified con-
siderably by launching the Workshop
with a single Saturn V completely
outfitted on Earth. Thus, by com-
bining the delivery capabilities of the
Saturn V and the modest accommoda-
tions provided by the Skylab, for
scientists and experiments, we shall be
able to achieve useful operational
spans measurable in weeks and
months,

In view of the considerably longer-
life utility and functional flexibility
needed for economical Space Station
operation, however, the all-up ap-
proach to be used for the Skylab was
considered impractical for the Station,
Instead, we decided to plan the de-
velopment of the Station and that of
the experiments in a coordinated
manner, yet separately, for two
reasons: to simplify overall manage-
ment; and to provide for the evolu-
tionary changes of experiment pack-
ages toward new requirements, by
using a modular approach.

Economy is Focal Consideration

Actually, economical space opera-
tions is the focal consideration around
which the concepts of the Space Sta-
tion and those of its logistics support
vehicle, the Shuttle (discussed in adja-
cent articles), have been evolving. And
the economy we are planning to
achieve is based on long-term io per-
manent use, with the avoidance of
systems that are dead-ended in pur-
pose. Or, in other words, the intent
behind the Space Station and Shuttle
system is to make space more accessi-
ble to investigators having meaningful
activities to conduct.

From the long-term use and flexi-
bility aspects then, the modular con-
cept is the basis for the block-by-block
evolution of the Space Station itself,
as well as of the associated experi-

g
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ments. The experiment modules shall
house new laboratory and observatory
facilities as they become available, and
be delivered to the Station (or re-
turned to Earth as needed) by Shuttle,
We are currently studying, under con-
tract, various versions of experiment
modules, including some intended to
be attached externally to the Station,
and others that will orbit at a distance
from the Station, as seif-supporting
systems,

Catalog of Experiments Evolving

We cannot foresee, of course, what
we may exactly need in terms of
investigations over the next ten or
fifteen years, but starting as early as in
1968 we have been working to develop
a so-called catalog of candidate experi-
ments grouped into functional areas of
activity. Since then, successive studies
by contractors have served to define in
more detail the scope and sequence of
these experiments. These efforts cul-
minated in a Space Station Utilization
Symposium held in September 1970 at
NASA's Ames Research Center,
Moffett Field, California. Use; panels
by discipline areas and of international
memberships — from industry, govern-
ment and universities — will now ad-
vise NASA on the optimum use of the
Space Station, and make recommenda-
tions to establish detail requirements
and priorities.

Interniational Participation

We are greatly interested in pro-
moting international participation in
the Space Station and Shuttle pro-
grams, and have already hield a number
of briefing conferences to this end,
both here and abroad. We held a Space
Station Overview meeting in Paris,
early in June, with the participation of
over 250 European Space Research
Organization (ESRO) members, We

Q
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“From aspects of long-term use and flexibility, the modular concept js the ba_sis' for the -
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block-by-block evolution of the Space Station itself, as well as of the associated expgriments. ”

also had a meeting with the European
Launcher Development Organization
(ELDO) in July, and discussed the
possibilities of ELDQ’s participation in
the development of an interorbit trans-
fer vehicle as part of the Space Statior.
and Shuttle system. In addition, at the
invitation of the European Space Con-
ference (ESC)* a group of NASA and

*Member countries of ESC are Australia,
Belgium, Denmark, the Federal Republic of
Germany, France, Italy, Netherlands, Spain,
Sweden, Switzerland and the U.K,

industry officials headed by Dr,
Homer E. Newell, Associate Adminis-
trator of NASA, briefed European
space representatives, in Bonn, on U.S,
space transportation plans, including
the reusable Space Shuttle. Lastly, we
participated in the Fourth Eurospace
Industrial conference held in Venice,
Italy, in late September, where infor-
mative discussions were held between
U.S. industry officials and their
European counterparts on respective
plans and capabilities, These con-
tinuing discussions are serving to estab-
lish the foundations of our cooperative
efforts on projected programs,
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Versatility of Shuttle

An aspect 1 would like to stress, as
related to the Shuttle, is that its
function should not be viewed only as
logistic support. We envision the
Shuttle as a versatile work-horse capa-
ble of replacing a large variety of
launch vehicles between the Scout and
the Saturn V —not only for U.S.
users, but for other countries as well.
In addition to serving as a regular
Earth-to-Space Station ferry-vehicle,
to transport crews and supplies, the

Docking of Shuttle with Station, conceptualized by North American Rockwell’s Space Diy.

Shuttle would also be used to return
processed experiments to Earth, to
replace or repair equipment in orbit,
and to function as a rescue vehicle.
Automated satellites have proven their
practical usefulness to man in many
ways. But they have been vulnerable
to modes of automated deployment,
and been limited in life spans from
considerations of reliability and by the
finite quantities of consumables on
board. The use of a Shuttle would
make it possible to control the deploy-
ment of satellites at close range and

ven
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assure their operation before leaving
them in orbit unattended; it would
also enable us to effect in-orbit repairs,
to resupply consumables, or to retrieve
payloads for shop-repair on Earth. But
how far up or down we may go in
delineating the Shuttle’s capabilities
may depend on cost considerations,
which in turn depend on the extent of
projected usage. The coordination of
user needs, both domestic and inter-
national, is therefore a vital step at this
stage of program planning.

The design concept of the Shuttle,
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like that of the Station, centers on low
cost achieved through a large number
of reuses of the same vehicle with a
minimum of refurbishment, The
Shuttle is a combination of a rocket-
propelled space vehicle and airplane,
and as such it poses unique ground-
and flight-test requirements, but the
development costs must be kept as low
as possible. We are applying the con-
cept of early testing of critical com-
ponents to perform design verification
tests on such critical features as light-
weight structures and heat shields.
These will be large or full-scale build-
ups resulting from the preliminary
designs which will be accomplished by
industry in the Definition Contract
Phase. Also, during the 11-month
Definition Phase there will be heavy
emphasis on wind-tunnel testing of the
various configurations, Some wind-
tunnel testing has been done over the
past year on possible configurations
for the Shuttle. As the point designs
which will be accomplished during the
Definition Phase are sharpened, con-
siderable tunnel testing will be needed
to identify the expected aero-
dynamics, stability and control, and
thermal characteristics.

Ground and Flight Tests

Our engineering ground-test pro-
gram will be a combination of tech-
niques presently used for manned
space vehicles and large high-
performance aircraft. But the large size
of the Shuttle will limit environmental
testing mostly to the module level.

We are presently in favor of using,
for test purposes, vehicles that can
later be refurbished for full opera-
tional use. This would be similar to the
approach used for the C5A and the
747.

Because the initial number of
Shuttle vehicles produced will be
small, probably less than five, the

“We are greatly interested in promoting
international participation in the Space Sta-
tion and Shuttle programs.”’

vehicles allotted to flight test will
represent a significant portion of the
“fleet” cost. Our present plans are also
to implement a flight-test program in
stages of progressive difficulty, which
would parallel to some extent the
ground tests. In addition to conduct-
ing suborbital flight-tests, as in. the
case of past space vehicles, in flight
testing the Shuttle we shall also use an
aircraft development approach — with
modifications and corrections for mal-
functions being made following each
test phase.

The operational flight regime of the
Shuttle will, or course, be extensive
and rigorous. But the testing ex-
perience from the Mercury, Gemini
and Apollo spacecraft added to our
findings from aircraft such as the B-58,
XB-70, X-15, and the SR-71 will pro-
vide a valuable background. If we were
to look further down the line, flight
research data from the Shuttle would
contribute to the development of
commercial transports beyond the

[aW)

forthcoming generation of Supersonic
Transports. This would be the genera-
tion of surface-to-surface sub-orbital
transports foreseen operating about
the turn of this century.

Expandable System for the Future

In considering longrange and eco-
nomical spzie capabilities for the
future, the Space Shuttle and Space
Station should be viewed as one sys-
tem with functionally interrelated ele-
ments. The overall concept is in es-
sence a block-by-block long-range plan
amenable to unfolding at various
rates — based on our progress in ac-
quiring new knowledge and funding.

The Space Shuttle represents our
first space vehicle concept featuring
reusability; and the Space Station fea-
tures commonality to the extent that
it can be used in many ways: initially
in low Earth orbit (240 to 270 miles),
later in synchronous orbit (about
28,000 miles), or in lunar orbit, and
ultimately in interplanetary space.

Our studies indicate that as re-
sources become available in later years,
the benefits from these concepts might
be expanded in Earth-orbit and ex-
tended to the surface of the Moon by
the introduction of two additional
systems: the Nuclear Shuttle and the
Space Tug. The Nuclear Shuttle pro-
pelled by the NERVA nuclear rocket,
is envisoned as a reusable vehicle used
between Earth-orbit and lunar orbit,
or between low Earth-orbit and

synchronous orbit. The Space Tug, a -

complementary vehicle propelled by
chemical rocket, would be used to
move passengers and cargo between
lunar orbit and the Moon's surface.
This vehicle would also exhibit
commonality since it might be utilized
both as a transfer vehicle in Earth-
orbit, and to move small payloads
from low Earth-orbit to synchronous
orbit or lunar orbit. Lastly, it appears
that in the exploration of the solar
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“If decisions are made now to proceed toward these programs, both nationally and
internationally, we shall have the distinct and joint advantage, this time, of a head-start on the
effective utilization of space for the benefit of all mankind."

system also we might be able to use
and adapt systems and techniques
developed within the framework of
commonality and reusability.

To Serve Multiple Interests

As | implied earlier, low-cost trans-
portation to and from space is the
reason for having the Space Station
and Shuttle system. The capabilities of
such a system would open space to a
broad spectrum of public, private and
international interests,

From impressions gathered from
our international meetings on future
space efforts it becomes quite clear
that the possibility of cheap space-
transportation constitutes beneficial
prospects from numerous national van-
tage points. And the question that
seems to concern a good number of
our overseas colleagues, at this point,
is not whether they should participate,
but how they might contribute to the

27

augmentation of the projected Station
and Shuttle system capabilities, Some
of the machinery for coordinating
joint efforts is already established and
operating*; we look forward, of
course, to seeing our working relation-
ships expand further.

Role of NASA Centers

Speaking in broad terms, the partic-
ipation of international agencies in
these major programs would be some-
what in the manner of our NASA
Research Centers. These Centers man-
age the implementation of specific
portions of programs assigned to them
by NASA Headquarters, and phase
into industry which provides the tech-
nical resources and brings needed hard-
ware into being.

In the current Phase B definition of
the Shuttle Program, for example,
contractors are expected to implement
'efforts to cover all aspects of the
Shuttle: analyses and design verifica-
tion of evolving operational concepts,
technical studies, definition of further
effort to move into subsequent activ-
ities, etc. Our in-house activities are
primarily to support and
complement — not to replace — the
work performed by contractors.

It took nearly a full decade of
broad-scale effort on an unprecede-
nted scale to translate a national com-
mitment into manned lunar landings.
It will require a similar time span to
progress from our present experi-
mental era in space, into the stage of
operational maturity. Therefore, if de-
cisions are made now to proceed to-
ward these programs, both nationally
and internationally, we shall have the
distinct and joint advantage, this time,
of a head-start on the effective utiliza-
tion of space for the
benefit of all mankind.

*See article starting on page 81 on Coopera-
tive International Programs.
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SPACE SHUTTLE REQUIREMENTS,
PROGRAM PLANS AND PROGRESS

Dale D. Myers

Associate Administrator for Manned Space Flight

A realistic way of looking at the
major challenges of the Seventies
would be to visualize them as an
organization chart or hierarchy of re-
lated problems and priorities.

Our priorities at NASA extend from
the advancement of aerospace
sciences, technology and applications
aimed at the betterment of man, to
the exploration of space. And the
underlying requirement for all these
things is that they be done at least
cost,

During the last decade space explo-
ration became a catalyst for revitaliz-
ing technology, and acquired a place in
the American way of life; in this
decade space activity must increasingly
pay its way in order to acquire sup-
port. This is another way of saying
that the benefits of space must be-
come available at down-to-earth costs,

An implication of this requirement
is that our future space activities will
have to mature — from the heretofore
experimental mode, using expendable
systems — into an operational mode
utilizing reusable systems, This con-
cept of reusability, as projected for the
space operations of the late Seventies
and beyond, is incorporated in an
integrated space system which would
include a Space Shuttle and an orbit-
ing Space Station, We would thus
combine a reusable transport vehicle
with a permanent laboratory in space
for scientific and technological work
and Earth-resource surveys,

Space Shuttle System

As visualized now, the Space
Shuttle would consist of a completely
reusable rocket-powered, two element
vehicle composed of an orbiter and a
booster. The Shuttle’s operational
mode would be a vertical launch
whereby the booster would accelerate
the orbital vehicle to the outer fringe
of the Earth’s atmosphere where sepa-
ration of the.two would cccur, Upon

Space Shuttle orbiter configuration, by North American Rochwell's Space Division, aimed at
reentering Earth's atmosphere at Jow angles of attack in order to achieve relatively high
cross-range capability.
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reentry and deceleration, the booster,
powered by jet engines, would cruise
to a site for a conventional airplane-
type landing. Meanwhile, the orbiter
element would proceed to orbit,
powered by its owr rocket engines, to
deliver its payload and perform its
assigned missions. After reentry, the
orbiter would land with its return
cargo, also under jet power. After a
checkout period of about two weeks,
and minor refurbishment and refuel-
ing, both the orbiter and booster
would be ready for another mission.
Launch operations would be simplified
by system-diagnostic instrumentation
on-board, so that only vehicle erec-
tion, propellant loading and final
boarding of payload and passengers
would be necessary. Pre-launch check-
out would be carried out on-board by
the pilots.

Product of Cooperative Studies

The Space Shuttle is a product of
cooperative studies conducted by both
the Air Force and NASA over a
number of years. The Space Task
Group Report “The Post Apollo Space
Program — Directions for the Future”,
submitted to the President in Sep-
tember 1969, indicated the need for a
new space transportation system that
would meet the requirements of both
the DOD and NASA. Our studies with
the DOD — based on recent advances
in rocket engines, thermal protection
and structural concepts — led to the
conclusion that a Shuttle system suit-
able for the needs of both agencies
should be developed.

Since the Shuttle would be essen-
tially a transporter and cargo vehicle,
its utility would not be restricted to a
single program or a single agency.
Rather, we expect that at the very
earliest opportunity both NASA and
DOD space programs would benefit
from this development. To this end,
extensive cooperation between NASA

and DOD in analysis, design and sub-
sequent development will be main-
tained. We believe that eventually
commercial uses will also be found for
the Shuttle.

The universal applicability of the

Shuttle is expected to provide oppor-

tunities to expand and improve inter-
national cooperation in space. In
October 1969, NASA invited inter-
national participation in a Space
Shuttle conference held in Washing-
ton, D.C., and considerable interest in
the Space Shuttle was expressed then
and has been since, in conferences held
in Europe during this past Summer
and Fall.

Operational Characteristics

The Space Shuttle is expected to
weigh between 3 and 4 million pounds
at launch, and will be propelled by
liquid-oxygen and liquid-hydrogen en-
gines. These rocket engines, to be used
both for the booster and orbiter, are
being designed to generate thrust of
about 400,000 pounds each. The
booster will be powered by about 10
of these engines, and the orbiter by 2
or 3. Our choice of these propellants is
based .on our experience in Apollo,
particularly on our ability to handle
them safely and relatively easily on the
ground during loading and transfer. We
feel it will be possible to load the
Shuttle directly from tank trucks at
the launch pad, and thus greatly re-
duce both facility and handling costs.
Another great advantage to these pro-
pellants is that they do not produce
toxic chemicals to pollute the atmos-
phere.

With a payload compartment 60
feet long and 15 feet in diameter, the
orbiter would accommodate varying
combinations of personnel and cargo,
in a pressurized environment similar to
that of current commercial jetliners.
An important objective of the Shuttle
program is to provide a very benign
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environment — both in terms of flight
stress and pressure — for passengers
and payloads, from launch to landing.

The Shuttle would provide round-
trip transportation from Earth to low
Earth-orbits. Its operational altitude
would range from about 100 to 800
nautical miles, with most missions
taking place in the 100 to 300 nautical
mile range. The Shuttle would also be
capable of operating as a rescue vehi-
cle.

As space operations advance, the
traffic carried by the Space Shuttle
will include propellants. Supply depots
which may be established near the
Space Station or in other suitable
orbits, may provide facilities for fuel-
ing and reprevisioning space vehicles
for travel out to more distant destina-
tions,

An early cost study, based on the
NASA traffic model of 30 flights per
year, was made to determine the eco-
nomics of the Shuttle based on the use
of present-day launch vehicle systems
such as the Atlas, Titan, Saturn series
or their derivatives for comparable
pavloads. This analysis indicated that
the Space Shuttle development costs
would be recovered through its eco-
nomy of operation after about 5% to 6
years of utilization. Air Force usage
plus any increased fligtit density could
significantly shorten this break-even
period, Even a greater potential in
reduction of the cost of payloads is
anticipated,

Economic Considerations

The total number of Shuttles that
will eventually be built is not known
at present; however, for the purpose of
computing systems costs we con-
sidered a fleet of four to six Shuttle
systems supporting the baseline traffic
model, Our design objective is to make
each Shuttle capable of 100 flights
without major refurbishment. There-
fore, with several Shuttles making 100
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“Our design objective is to
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make each Shuttle capable of 100 flights without major

refurbishment. Therefore, with several Shuttles making 100 flights each we would accomplish a
total number of flights substantially greater than required to reach the break-even point (abotit
100 to 150 total flights) in competition with expendable systems."

flights each we would accomplish a
total number of flights substantially
greater than required to reach the
break-even point (about 100 to 150
total flights) in competition with ex-
pendable systems.

Of the several classes of Space
Shuttles studied, the fully-reusable
class has been determined to be the
most economical configuration for
achieving a low-cost transportation
system with a high degree of opera-
tional flexibility.

The critical design and development
areas for the Shuttle have been sub-
jected to progressively more penetrat-
ing reviews, and these have produced
candidate configuration concepts :e-
sulting in definition of desired Shuttie
systems characteristics. In addition, we
now have confidence that the tech-
nology and engineering required to
move into the next phase of activity is

either available, or well defined and
readily achievable,

Chronology of Contracts

November 1, 1969 — Convair Divi-
sion of General Dynamics, Lockheed,
McDonnell Douglas, and North Ameri-
can Rockwell, each completed a
$450,000 Phase A study portion of
the Shuttle Program,

February 18, 1970 — NASA issued
requests for proposals for preliminary
definition and planning studies of the
Shuttle’s main propulsion system:
liquid-hydrogen, liquid-oxygen fueled
engines for launch, orbital insertion
and flight operations, and reentry.
RFP recipients were: Aerojet General,
Bell Aerospace Systems, Marquardt,
North American Rockwell, TRW, and
United Aircraft’s Pratt and Whitney
Aircraft Division, Subsequently the
three companies submitting replies to




“In this decade space activity must increas-
ingly pay its way in order to acquire public
support.”

the RFP were selected for these Phase
B engine definition studies: Rocket-
dyne Division of North American
Rockwell, Aeroject General and Pratt
and Whitney.

February 20, 1970 — RFPs issued
for preliminary definition and
planning sti:dies for the Space Shuttle
System to Boeing, Chrysler, General
Dynamics, Grumman, Lockheed,
Martin-Marietta, McDonnell Douglas,
and North American Rockwell.

May 12, 1970 — NASA selected
McDonnell Douglas and North Ameri-
can Rockwell’s Space Division for final
negotiations of parallel 11-month
contracts — valued at about $8 million
each — for definition and preliminary
design studies of the Shuttle. NASA’s
Marshall Space Flight Center will man-
age the McDonnel Douglas work, and
the Manned Spacecraft Center will
manage the North American Rockwell
contract. Both are Phase B contracts.

July 15, 1970 — NASA selected
Grumman Aerospace Corp., Lockheed
Aircraft Corp., and Chrysler Corp., for
11-month Phase A (feasibility) con-
tracts to study several alternate
Shuttle concepts — with Boeing Co. as
major subcontractor to Grummam.
These studies are aimed at rigorously
reexamining the feasibility of Shuttle
concepts that might be competitive
— technically and economically — with
the concept of the two-stage fully-
reusable system.

The Grumman/Boeing fixed-price
contract, with an estimated value of
$4 million, will be managed by
NASA's Manned Spacecraft Center.
This contract involves the study of
three different concepts:

(1) A stage-and-a-half Shuttle con-
sisting of a single reusable manned
spacecraft with an on-board propul-
sion system and droppable tanks to
provide supplementary propellants,

(2) A reusable orbiter with ex-
~endable booster. This is envisioned as
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a second-stage orbiting Shuttle launch-
ed on an existing expendable booster,
or on a new minimum-cost first-stage-
liquid or solid-propellant booster.

(3) A reusable first stage using
existing J-2S engine technology, and
solid-propellant  auxiliary  boosters
with a reusable second-stage orbital
Shuttle also powered by §-2S engines.
The J-2S is an advanced version of the
J-2 hydrogen-oxygen engines success-
fully used on the second and third
stages of the Saturn 5 launch vehicle.

The Lockheed study, to be managed
by NASA’s Marshall Space Flight Cen-
ter, will define an alternate stage-and-
a-half Shuttle system including both
low and high cross-range designs. Esti-
mated value of the Lockheed fixed-
price contract is $1 million. In a
related Phase A (feasibility) effort, the
Chrysler Corp. will study another con-
cept —a reusable vehicle that can
place a payload into Earth-orbit with a
single stage. This fixed-price contract,
with an estimated value of $750,000,
will also be managed by the Marshall
Space Flight Center. Correlation of
results from all these studies will help
ascertain that the Shuttle concept
finally selected for development will
represent the most cost-effective
approach to future space transporta-
tion,

August 4, 1970 — NASA awarded a
$1,366,400 contract to General Elec-
tric Company, Aircraft Engine Group,
to build fuel systems needed for study-
ing the operation of turbojet engines
using liquid methane and liquid hydro-
gen fuels. This contract will be super-
vised by the Lewis Research
Zenter — NASA’s prime Center for
R&D related to aircraft and spacecraft
propulsion. Lewis will use the GE
systems with present turbojet engines
to study the fuel-system dynamics
associated with the use of !iquid
methane as a possible fuel for future
generations of supersonic aircraft and
liquid hydrogen for the Space Shuttle,

RIC
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“Future space activities will have to mature — from the heretofore experimental mode, using
expendable systems — into an operational mode utilizing reusable systems.”

Space Shuttle orbiter concept, by North American Rockwell, represents configuration intended
for reentry at steep angles of attack in order to shorten the duration of high heat loading.
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Phase B Objective

This Phase has as its basic objective
the derivation of detailed information
which is prerequisite for follow-on
phases of design and development.
These Phase B studies will be focused
on specific point designs and support-
ing technology for both high and low
cross-range maneuverability configura-
tions. The systems characteristics to be
used as the baseline for the Phase B
study are listed below.

1. Fully reusable vehicle — with
flyback.

2. Vertical take-off — horizontal
landing.

3. Gross lift-off weight 3.5
million pounds.

4. Payload compartment size 15’
diameter by 60’ length.

5. Maximum attainable payload.

6. 400,000 pound thrust bell-
type engines,

7. Vehicle life of {00 missions

with minimum maintenance.
8. Intact abort.
9. Two-man crew.

10. Air breathing engines will

burn hydorgen fuel,

11. Shuttle orbiter self-sustaining

for 7 days.

12. Shirt-sleeve environment for

crew and passengers.

Phase B engine contractors will pro-
vide preliminary designs for high and
low cross-range, provide specifications,
and deliver selected configurations for
wind tunnel testing. ‘Also to be ac-
complished during the Phase B period
are demonstrations of critical struc-
tural design and fabrication techni-
ques.

The Shuttle effort has progressed to
the point where the current Phase B
definition studies are the next logical
step in providing a basis for continued
refinement and definition of com-
peting designs to the point of pre-
paredness necessary for initiation of
development.

“The Space Shuttle concept is a product cf
cooperative studles conducted by both the
Air Force and NASA over the years.”
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Shuttle Management Plan

NASA’s Office of Manned Space
Flight will manage the Space Shuttle
Program, with initial contractual re-
sponsibility for one total systems
study at the Manned Spacecraft Center
and one at the Marshall Space Flight
Center. For follow-on phases, how-
ever, MSC will be responsible for the
orbiter and MSFC for the booster
work, During the Phase B study effort
each Center will participate in the
technical direction of the part of the
total system for which the Center will
assume ultimate responsibility. T his
plan essentially provides for technical
direction of the booster elements by
MSFC, regardless of which Center
handles the total systems contract,
Similarly, MSC will be responsible for
the technical direction of the orbiter
elements of the total systems con-
tracts. As reflected in the accompany-
ing chart, program offices, one located
at MSFC and the other at MSC will
each contain an integration group that
will be composed in part of personnel
from the other Center. The purpose of
this program office structure is to
ensure the necessary coorde-
nation and cross-fertilization. m

“An important objective of the Shuttle
program is to provide a very benign environ-
ment — both in terms of flight stress and
pressure — for passengers and - payloads,
from launch to landing.”’

SPACE STATION OBJECTIVES,
OPERATION AND APPLICATIONS

Dale D. Myers

Associate Administrator for Manned Space Fligit

Space Station Objectives

The Space Station will be a central-
ized facility in Earth orbit supporting
a wide variety of space activities. It
will be similar to a highly flexible
multi-disciplinary research, develop-
ment, and operations center on Earth.
The Space Station will utilize and
exploit the unique features provided
by its location in low Earth-orbit —

weightlessness, unlimited - vacuum,
wide-scale Earth viewing, and unob-
structed celestial viewing — with the
direct presence of skilled scientists and
engineers to pursue a wide variety of
research and applications activities.
Like its Earth-based counterpart, the
Space Station will be configured for
support and conduct of activities in
many identified areas, and will have
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Conceptual presentation of multi-deck Space Station, by North American Rockwell, shows
Earth Surveys Module mounted on the side of the Station oriented to the Earth (at right).
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the flexibility to support others which
may not be defined in detail at pre-
sent.

The activity categories and ex-
amples listed below provide a basis for
establishing the nature of the Space
Station Program.

Technology Forcing Function —
Intrinsic in the development, use,
growth, and continual updating of a
major space facility and its equipment.

Sciences — The combined environ-
ment, facilities and crew will provide
excellent research opportunities in
many disciplines including astronomy,
life sciences, physics and chemistry.

Exploration — Essential data acqui-
sition, equipment development and
qualification, and operational concept
demonstration and training for future
manned missions to the Moon and
planets.

Public Services — Global surveys in
Earth resources and meteorological
disciplines, primarily for the develop-
ment of better equipment and techni-
ques, but also for user-oriented data
collection,

Foreign Relations — A focal point
for productive international coopera-
tion and joint ventures, including the
use of foreign nationals as members of
the on-board technical team,

Private Sector Support— Unique
materials and manufacturing research
and, possibly, production services ex-
ploiting the zero gravity and hard
vacuum environment — for example,
growth of large crystals, formulation
of composites and precision casting.

National Defense — Spacecraft
equipment and operations develop-
ment which will have application to
future military missions and systems,

Orbital Operations — A servicing
and maintenance platform for both
unmanned and manned spacecraft in
Earth orbit and in transit to and from
the Moon and deep space.

An operational Space Shuttle (dis-
cussed in some detail in adjacent arti-
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cles) would make the economical logis-
tic servicing of the Space Station
possible.

The initial Space Station module
would accommodate as many as 12
persons, most of them to be engaged
in useful orbital activities, rather than
merely in ‘““housekeeping” tasks. The
Station would have an internal volume
of over 30,000 cubic feet, a 33-foot
diameter, and a length of about 40
feet. It would weigh 60 tons or more.

Orbital research activities will ulti-
mately be staffed with specialists with
a minimum of astronaut-type training
or physical conditioning. Therefore,
particular attention will be paid to
assuring comfortable, attractive and
effective working and living condi-
tions. The provisions may include in-
dividual quarters, kitchen and dining
facilities, recreation areas, showers and
greatly improved toilet facilities.
Housekeeping functions will be highly
automated to free the crew as much as
possible for more productive work.

Operational Mode

Although the Station will be de-
signed for operation in a zero-gravity
mode, it will also be able to carry out
an engineering and operational assess-
ment of artificial gravity in the early
weeks of its mission. The Station is
expected to be operated in circular
orbits inclined 559, and at approxi-
mately 270 nautical miles altitude, in
order to accommodate the wide varie-
ty of experiments identified so far,
including Earth-viewing applications,
Circular orbits from 240 to 270 nauti-
cal miles would require mnre pro-
pellant for remaining in orbit, and
higher altitudes would provide less
atmospheric protection from natural
radiation. :

Before the Space Station becomes a
reality, however, the Skylab missions

(formerly Apollo Applications Pro-

gram) projected for the latter part of
1972 will provide a wealth of design
and operational data for the Station,
Assuming successful accomplishment
of the Skylab missions, using the
Szturn V as a launch vehicle, these
missions will develop data on the
following aspects:

® Physiological effects of zero
gravity on the crew for periocds up to.

56 days.

® Effectiveness of task perform-
ance in station-type activity,

® Habitability of the orbital
workshop. ’

® |n-flight qualification and de-
monstration of several imf rtant new
components, including large solar ar-
rays, control-moment gyros and mole-
cular sieves.

® General experience in lqgistic
and orbital operations, including major
in-flight experiments. Additional data
to be derived from the Skylab will be
identified as the Space Station defini-
tion effort progresses.

Larger Space Base

Provided it has been proven eco-
nomically feasible and desirable, the
Space Station could eventually be
developed into a large Space Base in
low Earth-orbit. The Space Base would
be constructed by clustering Space
Station and other specialized modules.
The Base would provide a large space
laboratory of common equipment and
modules where non-astronaut scienti-
fic personnel would be able to conduct
a variety of scientific experiments.
Initially, the Base would accommodate
approximately 50 persons, including
the operations team to perform
command, control, service, and main-
tenance functions. Growth to a
100-man capacity would be possible.

In order to incorporate the extent
of flexibility toward future growth
that may be required for a national
research and operations center, the

30

Space Base would be modular in con-
struction, so that it could be re-
modeled or expanded in orbit, using
the logistic capabilities of the Space
Shuttle, The Space Base would be
designed with large safety. factors and
performance margins in keeping with
its semi-permanent character.

Research and Applications

The total spectrum of future acti-
vities to be conducted in the Space
Station and Space Base cannot be
foreseen at this time, Many good
proposals and concepts for research
and applications are already in deve-
lopment. This situation is analogous to
the one that exists whenever plans are
being formulated for a major new
Earth-based laboratory. In fact, his-
tory shows that unexpected uses, dis-
coveries and payoffs often outweigh
the planned payoffs on the frontiers of
science and technology. Table 1
summarizes some of the most pro-
mising fields of research and experi-
ments we caii foresee at present.

Station Effort Management

The Deputy Associate Administra-
tor for Manned Space Flight is respon-
sible for the agency-wide supervision
and integration of the total Space
Station effort.

An agency-wide steering group in- .

cluding the directors of participating
Centers was established to provide
periodic review of the Space Station
Program, This group provides guidance
to the Deputy Associate Administrator
of Manned Space Flight in the conduct
of the overall program.

A Task Force with the Deputy
Administrator of Manned Space Flight
as Acting Director is organized within
the Office of Manned Space Flight.
This Task Force has the responsibility
for the overall management of the
program definition effort, for the
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preparation of the overall in-house
report evaluating the results of defini-
tion studies, and the preparation of
the plan for design and development.
In carrying out these responsibilities,
the Task Force is assisted by personnel
of NASA Centers. The Manned Space-
craft Center and the Marshall Space
Flight Center have established in-house
task teams for this specific activity,
and have assigned persoriiel needed to
manage the portions of effort assigned
to them,

For the definition (Phase B) effort,
two parallel contracted studies are
being conducted; one is managed by
the Manned Spacecraft Center, and the
other by the Marshall Space Flight
Center. Other NASA Field Center re-
sponsibilities include the management
of contracted supporting studies, and
performance of in-house studies and
support to Source Evaluation Boards,
Steering Groups, Technical Panels, and
the evaluations leading tuo the Design
and Development/Operations phases.

Monitoring Definition Phase

A Space Station Technology
Management Team, directed by the
Office of Advanced Research and
Technology and composed of repre-
sentatives of all Centers and Head-
quarters program offices, has the re-
sponsibility to focus research and tech-
nology to support Space Station de-
velopments. ‘

Technical monitoring of the Defini-
tion Phase activities is accomplished
by a Technical Review Group, com-
posed of senior personnel from Head-
quarters, the Centers, and other
appropriate activities. This Group
meets at six-week intervals to review
progress in all aspects of the Definition
Phase, and to make recommendations
regarding the future. At the end of
each three-month period, prime con-
tractors make a presentation to the

»3:/

NASA Administrator and the Steering
Group on the status of the Definition
effort,

Other elements of NASA will be
called upon for participation in the
selection of experiments and in areas
over wiish they have technical or
prograin  authority. Broad areas of
respo:::ibilities for experiments are as
follows:

@ Office of Space Science and
Applications for science and applica-
tions.

® Office of Advanced Research
and Technology for technology.

® Office of Manned Space Flight
for engineering, space medicine and
mission operations.

These Offices will exercise technical -

and program management authority
for the definition of experiments. The
Office of Space Science and Applica-
tions and the Officc of Advanced
Research and Technology will con-
tinue to maintain technical and scien-
tific responsibility during the develop-
ment of the experiments; these will be
under the direction of the Office of
Manned Space Flight, as an integral
part of the Space Station development
program.

Program Status

NASA is currently involved in the
Phase B definition of a Space Station
Program. The overall objective of this
effort is to obtain the technical and
managerial information required so
that a choice of a single approach to a
Space Station can be made from the
alternate approaches available.

Major contracted support to the
definition effort consists of two
parallel, $2.9 million studies with in-
dustry initiated with Fiscal Year 1969

. fundi=z, One of these studies, con-

ducte. by a team headed by Mc-
Donnel Douglas, has been monitored
by the Marshall Space Flight Center;
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SUMMARY or CANDIDATE EXPERIMENTS AND‘ PAYI.OADS
- R FOR,THE SPACE STATION REENN 8

EXPERlMENT GROUPV . ' DESCRIPTION

,-_Advanced research in astronomy to understand
origin and evolution of the universe by
‘f’observnng and. |nterpret|ng the basrc C
;-physical processes in the solar’ system, S '
Stars and galaxres

Grazrng |nC|dence X-ray telescop '
- stellar astronomy module -
[ Solar astronomy module
' ’UVstellarsurvey
o :ergh energy sxellarsurvey L

i SPACE PHYSICS - - ) T _i.‘Cosnnc ray physrcs laboratory L .These expenments wrll |ncrease knowledge L
e f..lonospherlc plasma|nvest|gat|ons ,ofthe fundamental laws and principles of
: o -'physlcs as manlfested by physrcal phenomena

' esearch to understand man'’s react|on to

"the space envifonmentand to: determine the

rolé.and functlon of manin long duratlon
pav-efllght : . :,--~,’ S

: __:Blomedlcal and behav10ral research'
. "f'lMan/Systern |ntegrat|on ,
. ‘Llfe support and protectrve systems L

E v:_AEROSPACE
MEDICINE

P ‘»'ADVANCED "';;'VContamlnatlon and exposure A group of experlments lntended to develop

- __""._TECHNOI.OGY e Large space structures development - A the design data for advanced long durat|on
R 5 Flued phys|cs in mrcrogravrty s 'space flights, and contrlbute to the technology’; '
. Sensor developrnent and callbratron S requured to obtaln maxumum beneflts from .
U "Advanced subsystem development £y,fspace programs SRR :

SPACEBIOLOGY e A'Small vertebrates R Research on the effects of grav1ty and t|me
B ""’,:Plantspeclmens s L7 on plants and vertebrates :
L EARTH SURVEYS ) . Earth ’resou_rcesandmeteoroldgy..‘ - Experrments |ntended to prov1de|n5|ght|nto ’
: .%o Meteorology subsatellite 'A,__':.',the beneficial uses of near-Earth space .- %,

. with emphasrs on weather pred|ct|on and”’
- ‘resources prospectnng technrques

lNDUaTRIAI. S . Materials_science and‘procesSing 'Research wrllprovrde fundamental knowledge

S ENGINEERING AND -~~~ - MSF engineering and operations” - . *_on. the effect of gravity on physrcal processes o
- APPI.ICATION Lo ":b'_"_v,'.-”leadlngtoadvances|n industrial processes. -

. .. Engineerirg exper|ments wrll advance
e knowledge of space fllght
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""The Space Station will utiiize and exploit
the unique features provided by its location
in low Earth-orbit — weightlessess, un-
limited vacuum, wide-scale I:arth viewing,
and unobstructed celestial observation —
with the direct presence of skilled scientists
and engineers to pursue a wide variety of
research and applications activities.”

Concept of a Space Base cluster, by North American Rockwell, illustrates radial arrangement of
Station modules to be rotated for simulating gravity. Y-shaped extension at left represents

nuclear power supply and radiator panels.

and the second study undertaken by
an industrial team headed by North
American Rockwell has been moni-
tored by the Manned Spacecraft
Center, The purpose of these Phase B
definition studies has been to generate
basic information on the following
aspects:

(1) A preliminary systems design
for the Space Station, along with
appropriate development and opera-
tion plans.

(2) A preferred Space Base con-
czpt, including a buildup plan covering
details of how the Space Station or its
derivative would be utilized in orbital
assembly.

(3) A concept for a planetary
mission module, and the requirements

39,

it could impose on the Space Station,

(4) Definition of the requirements
and changes, if any, to the Space
Station for performing geosynchro-
nous and lunar-orbit missions.

(5) Evaluation of advanced logis-
tics svstem concepts and requirements
imposed by the Space Station and
Space Base.

Additional supporting activity has
included various small, competitive,
primarily fixed-price contracts for
studies and technological work related
to Space Station Program definition,
There are also numerous small cost-
plus-fixed-fee contracts to principal

investigator organizations, for the
definition of experiments
related to the Space Station. m




Q

OART WORK TOWARD SHUTTLE,
AND RESEARCH HIGHLIGHTS

Oran W. Nicks*

Acting Associate Administrator for Advanced Research and Technology

Our Office of Advanced Research
and Technology (OART) carries out a
broad range of activities in aeronautics
and space missions for NASA:

® We perform work oriented to the
needs of the future, so as to provide
technical bases for developments and
missions that lie ahead, as well as to
help solve problems that exist today.

® We try to carry new technology
far enough to evaluate its practical
potential, to demonstrate experi-
mentally its advantages for adoption
and use, and to help ensure the transi-
tion from research to application. This
means many things — the incorpora-
tion of research results in new designs,
the testing of new concepts by modi-
fying existing equipment, the coalesc-
ing of numerous advancements over
several years into new aircraft or space
vehicle concepts and designs, and the
experimental demonstration of im-
proved aircraft or space vehicles.

® We provide supporting effort for
the development and operation of
specific new aircraft or space vehicles.
This means we use our existing knowl-
edge and facilities to help other NASA
programs, government groups, and the
private sector solve current develop-
ment or operational problems, or pre-
pare for new aeronautical and space
developments in the immediate or
near-term future,

Much of OART’s work in advanced
research and technology, during the
Sixties, wa< generally oriented to ap-
plications on the Space Station and
Shuttle projected “or the latter part of
this decade. We have held a number of
special conferences on reusable vehi-
cles, where new technical information
was compiled and presented.

*Presently, Deputy Director of the NASA Langley
Research Center.
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“The technology focused on the Shuttle and Space Statlon is contained in six programs: Space
Vehicle Systems, Chemical Propulsion, Space Power and Electric Propulsion Systems,
Electronics and Control Systems, Human Factor Systems and Rasic Research. Although not
directly involved, the Aeronautical Vehicles Program contributes to Shuttle Technology
through work on hypersonic aircraft and air-breathing engines,”
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The first of these meetings was a
technical symposium held at the Ames
Research Center in March 1958, Other
conferences were held in 1960 at the
Langley Research Center, one in 1964
at the Marshall Space Flight Center,
and another in 1967 at the Flight
Research Ceniter. NASA and DOD,
under the auspices of the Aeronautics
and Astronautics Coordinating Board,
conducted a joint study in 1965 and
1966 to assess the technology appli-
cable to reusable boosters. Space Sta-
tion technology also has received at-
tention with a conference at Langley
in 1962 and a joint Space Station and
Shuttle Conference at Langley in
1969.

As agency planning last year began
to focus on the concepts of a reusable
Shuttle, those of us on the research
side also began to focus our efforts on
near-term applications. This process is,
of course, in line with our mission to
facilitate the introduction of tech-
nology into practical use. Our invoive-
ment ranges from analyzing the tech-
nology needed and concentrating cur-
rent research and technology effort on
critical problem areas, to direct sup-
port of the Office of Manned Space
Flight (OMSF) and its contractors
through the use of research personnel
and facilities to test specific concepts
and models, We have established teams
within OART to work closely with
OMSF, to identify and sort out our
current and relevant tasks, to pinpoint
problem areas, and to recommend
additional work necessary to a con-
certed NASA effort on the Shuttle and
Space Station. Efforts totaling 30 to
40 million dollars each have been
identified in the OART program as
relating to the Shuttle and Space
Station, However, much of this tech-
nology is also applicabie to other
Earth-orbital applications and to other
future missions.

The technology focused on the
Shuttle and Space Station is contained

"The Office of Advanced Research and Technology performs work on the needs of the future,
so as to provide technical bases for developments and missions that lié ahead, as well as to help
solve problems that exist today."

in six programs, namely: Space Vchi-
cle Systems, Chemical Propulsion,
Space Power and Electrical Propulsion
Systems, Electronics and Control
Systems, Human Factor Systems, and
Basic Research. Alihough not directly
involved, the Aeronautical Vehicles
Program contributes to Shuttle Tech-
nology through work on hypersonic
aircraft and air-breathing engines,

Let’s discuss some of the critical
problem areas that cut across these
programs as they relate to the Shuttle,
and what OART is doing toward their
solution.

OART Work Toward Shuttle

One concept of a two-stage Shuttle
is outlined in Fig. 1, and compared in
dimensions and weight to three other
existing flight systems. The Shuttle is
both a huge and complicated space
vehicle and an airplane. And because it
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combines the operational characteris-
tics of both, its design represents a
tremendous techrical challenge, We
are already at work on a formidable
array of research problems that have
been identified as of prime importance
to the Shuttle; some examples follow.

Configuration Research: Major
problems being studied in our Space
Vehicle Program are: reentry heating;
hypersonic, transonic and subsonic
aerodynamics; stability, control and
flying qualities at all speeds; and spe-
cial operational problems such as
hypersonic maneuverability, approach
and landing, and ferry operations from
factory or landing site to the launching
area.

We have been undertaking an exten-
sive research and advanced technology
program in all of these areas, but much
work remains to be done. Our studies
have indicated that each design con-
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“The Shuttle represents a tremendous technical challenge because it combines the operational
characteristics of a huge and complicated space vehicle, and those of an airplane.”

cept for the Shuttle has its own set of
critical problems. In other words, all
concepts are strongly configuration
dependent.

For example, certain missicrs indi-
cate a need for cross-range capability
(flexibility to choose landing sites)
from 1000 to 1500 miles. This capabil-
ity has a significant impact on config-
uration, the thermal protection to be
used, etc. And although we have made
some cross-range feasibility studies,
these have not been extensive enough
to pin down cross-range imglications
in terms of additional weight, tech-
nological costs, operational expenses,
delivery schedules, etc. We anticipate
therefore, that continuing experi-
mental research activity will be re-

a3,

quired in order to provide an effective
technological basis for evaluation of
the various candidate configurations,
as well as to provide solutions to
critical design problems.

Heat Transfer Research: Heat
transfer is one of the major problems
encountered during reentry by both
the space orbiter and the booster
stages of any Space Shuttle system,
For example, wind-tunnel tests of an
orbiter configuration under considera-
tion indicated that temperatures along
the nose and undersurface of the
vehicle could be predicted, but a vor-
tex type of flow formed on the side of
the vehicle produced unpredictable
regions of high temperatures., This
unpredicted vortex impinged on the
tail and caused a local regime of high
temperature or a hot spot. This vortex
heating was present on some config-
urations but not on all. But an impor-
tant consideration here is that none of
the methods in use today for estimat-
ing heat transfer would predict these
unusual flow fields and high-tempera-
ture effects. Results such as these from
the Space Vehicles Program provide
convincing evidence of the need for
extensive investigation,

Thermal Protection Research: The
design and fabrication of the structure
of both the orbiter and booster is one
of the most critical areas in the devel-
opment of a Space Shuttle. A truly
practical and economical Space Shut-
tle must be of the lightest weight
achievable and capable of multiple
reuse, with minimum inspection and
maintenance between flights. Fig, 2
indicates some of our structures and
thermal protection research goals and
problem areas indicative of the kinds
of research and advanced technology
activities which we plan to continue

-during FY 71.

The first of these is the develop-
ment of design criteria. The objective
of the design criteria effort is to insure
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that the Space Shuttle is designed
without unnecessary weight, e cessive
thermal protection, or other undue
penalties for overdesign, so that it can
not only perform its mission safely
and reliably, but also economically.

Reasearch and development to pro-
vide a reusable heat protection system
is of major importance. Figure 2 re-
flects some of the operational temper-
atures predicted for typical booster
and orbiter stages of the Shuttle. The
best heat . protection system would be
one capable of a reasonable number of
reuses without needing refurbishment.
With careful attention to configuration
design, it may be pcssible, for ex-
ample, to protect a major portion of
the orbiter surface and all of the
booster’s by currently available super-
alloy materials. Only relatively small
areas of the orbiter, that reach the
highest temperatures will require the
new high-temperature materials such
as TDNickelChrome or coated colum-
bium.

Another important research objec-
tive is to develop better high-tempera-
ture insulations. Arcas of ths Shuttle
which experience extreme tempera-
tures will require improved high-
temperature insulations which are now
in the early stages of devclopmer:t.

Since both stages of the Shuttle will
contain large cryogenic tanks, exten-
sive studies are required to determine
whether or not these tanks should be
integral with the primary vehicle struc-
ture. It is entirely possible that re-
search results might indicate that it
would be advantageous, -from weight
considerations, to use integral tanks in
the booster stage, but that the high
temperatures experienced by the or-
biter might require internally-installed
tanks insuiated from the primary
structure,

Another important question to be
answered by research is whether to use
internal or external cryogenic tank
insulation. Many types of low-temger-

ature or cryogenic tank insulation
materials, which will also endure high
temperatures, will be required for use
with various Shuttle components.

As indicated earlier, one of our
goals is to develop optimized struc-
tural designs for minimum weight,
high reliability, low-cost inspection

. and maintenance, and multiple reuse
capability. To achieve these goals, it.

will be necessary to fabricate and test
experimentally many unique and ad-
vanced structural specimens and some

large structural elements. The lower

righthand portion of Fig. 2 shows a
sketch of how a large stiuctural ele-
ment might look. This particular ele-
ment is a part of the orbiter vehicle
which includes the cargo bay. Siruc-
tural test elements such as this will
include the heat-protection system,
insulation, primary load-carrying struc-
ture, znd cryogenic tankage. Advanced
technology activities of this nature
would include developmenri of new
fabrication techriqjues utilizing ad-
vanced materials, and various tests of
full-scale structural components. In
some - tests, cryogenic fuel; would be
placed in the tanks and the test speci-
mens subjected to intense heating.

Another area recelving attention in
the structures researcn program is
non-destructive inspection and tests
for vehicle flight recertification. Be-
cause of the large size of the Shuttle
stages, we are continuing to explore
various ways and means by which the
load-carrying structure and the heat-
protection system can be thoroughly
inspected — quickly and reliably.

Figure 3 shows two typical reradi-
ative thermal protection systems for
Space Shuttles. The principal differ-
ences are that the concept at the top
has a metallic heat shield, while the
one on the bottom uses a non-metallic
or hardened compacted fiber heat
shield. In the concept at the top, the
area between the metal heat shield and
the primary structure of the vehicle is

partially filled with a special ' low-
density fibrous insulation to protect
the primary load-carrying structure
from the high temperatures experi-
enced by the metallic heat shield. The
metallic heat shield is attached to the
structure of the vehicle by a unique
arrangement of metallic clips.

In the non-metallic heat shield con-
cept, the rigid fibrous insulation mate-
rial which acts as the heat shield is
bonded by an adhesive to the primary
load-carrying structure of the vehicle,
In this concept, the primary structure
also serves as an integral tank, but, in
addition, an integral cryogenic insula-
tion is also shown.

These and other thermal protection
concepts will be investigated in order
to provide a basis for determining the
most efficient, reliable and effective
heat-protection system required to
meet the stringent requirements of the
Space Shuttle.

A typical distribution of orbiter dry
weight is illustrated in Fig. 4. Here the
importance of the structure and the
heat shield, in determining weight,
becomes obvious. Therefore, we are
directing considerable effort in struc-
tural research and technology to ways
of reducing weight. We think it might
be possible to reduce both the struc-
tural weight and the total launch-
weight of the Shuttle by about 25%,
through the use .: composite mate-
rials.

Lifting-Body Flight Research: Fig-
ure 5 shows a photograph of the three
vehicles used in lifting-body flight
research which is a part of the Space
Vehicles Program. They are, from left
to right, the U.S. Air Force X-24A, the
NASA M2-F3, and the NASA HL-10.
The Lifting-Body Flight Research Pro-
gram has been underway since May
1964, and is being used to investigate
some of the low-speed flight problems
that will be encountered by both the
Space Shuttle orbiter and the booster.
The program is continuing to provide
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Space Shuttle.

information on subsonic and transonic
flying qualities.

Integrated Electronics: Automated
internal control, navigational and com-
munications equipment — with self
checkout capability — is needed if the
Shuttle is to achieve cost-effective
operation. The technology on which
to base thesc: developments is largely
in hand insofar as components and
subsystems are concerned. Prior to
development there is, however, the
problem of defining an optimum sys-
tem to perform the required functions,
identifying the desired characteristics
of components and subsystems, and
electronic system. Impressed on this
effort are two imperative ground rules:
The Shuttle must have autonomous
operational capability, and it must be
fully compatil:le with the Space Sta-
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Three “manned lifting bodies", the X-24A, M-2, and HL-10 are being flight-tested by NASA's
Flight Research Center, in a joint NASA-USAF effort to provide data toward the design of the

tion and the ground support installa-
tions. These requirements necessitate
continuous and thorough coordination
with similar efforts relative to the
Space Station and ground installations,
to assure compatibility among the
various systems and commonality of
subsystems and systems — where feasi-
ble and justified.

Principal efforts underway and
planned in the electronics area, as part
of the Electronics Systems Program,
include research and technology in the
areas of communications and tracking
(antennas, sensors, transmitting and
receiving devices); guidance, navigation
and control {automatic and manual
systems, terminal area guidance and
control concepts, low visibility ap-
proach systems); and data systems
(software technology, sensors and in-

4y

strumentation, mass storage devices,
data bussing techniques, component
screening and reliabilitys. Ames and
Langley Research Centers and Marshall
Space Flight Center are the major
contributors to this effort,

Since the design of large-scale inte-
grated systems is so complex, it is
desirable that the entire process from
design, through fabrication, to screen-
ing and testing be auromated. We are
putting major emphasis on automated
testing because we think it offers an
immediate payoff in improved relia-
bility of iarge-scale integrated circuits
and is necessary to meet the require-
ments of the Space Shuttle. Re: uire-
ments for iarge-scale integrated circuit
testing are: automated in-process test-
ing, high speed, and versatility so that
the test sequence -:.n be easily modi-
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fied to test different types of systems,
Efforts are also needed to develop the
necessary software to adequately test
various types of large-scale integrated
circuits. This work will continue in FY
71, with primary emphasis on deve-
lopment of the software or computer
programming requirements.

Electric Power: Some major power
processing technology challenges
associated with the Shuttle are: weight
reductior;, on-board preflight power
system checkout, automatic inflight
failure detection and isolation, and
commonality with the Space Station.
Flight operations of the Shuttle may
require very high peak powers for
short durations for deployment of
aerodynamic surfaces (e.g., wings), en-
gine gimballing and landing-gzar actua-
tion. Chemically-fueled turbines,
commonly called Auxiliary Power
Units (APU), which supplement the
base load power system, may be re-
quired to meet these needs. One pro-
mising concept, related to our previous
work on turbine systems, is a turbine-
powered alternator andjor hydraulic
pump power system which runs on
steam generated by the combustion of
hydrogen and oxygen. In FY 71, as
part of the Space Power and Electric
Propulsion Program, we plan to ini-
tiate a combined in-house and contrac-
tual effort to study specific APU
configurations, develop preliminary
design, identify technology problem
areas, and initiate component procure-
ment for development testing.

Other work is directed toward the
power conditioning and distribution
system to provide the requisite types
and ievels of power required by the
numerous electronics and other sub-
systems. The Lewis Research Center is
the lead Center in this work.

Biotechnology: The Shuttle will be
a manned vehicle, accommodating
both highly-trained and conditioned
crew members, also non-conditioned
passengers. Although the operating

“An Important research objective for the
Space Shuttle is to develop high-tempera-
ture insulations.’’

duration of the Shuttle is nominally in
the same range that has been ac-
complished in manned space
flights — indicating that major exten-
sions of life-support technology proba-
bly will not be required — new effort
will be needed to delineate optimum
usage of safety for the human ele-
ments of the system.

Tl.c presence of relatively uncondi-
tioned passengers and Space Station
personnc! deconditioned from long
durations in space in the Shuttle, will
necessitate new investigations in the
biomedical area to establish acceptable
environmental bounds. We shall also
need to develop special personnel re-
straint and support systems. in addi-
tion, some work on atmosphere sen-
sing and control, environmental con-
trol, and water and waste management
systems must be undertaken to meet
particuiai enviornmental conditions
peculiar to the Shuttle. Various as-
pects of the Shuttle biotechnology

a8

program are under investigation at
Ames, Flight, and Langley Research
Centers, and at the Manned Spacecraft
Center.

Operations, Maintenance and
Safety: Only limited efforts have
been undertaken in operations, main-
tenance and safety because the major
influencing factors are heavily depen-
dent on the particular Shuttle con-
figuration and its associated operating
mode. As other program elements lead
to a better system definition, this
activity will be amplified.

Underway and planned are the
study and development of control and
display simulation requirements, deve-
lopment of crew workload criteria for
system monitoring, and development
and simulaticn of techniques for per-
sonnel and cargo transfer and the
associated extravehicular activity.

The Kennedy Space Center is the
lead Center for operations, mainte-
nance and safety work, and the Chair-
man of a Technology Working Group
is located there. This Group is vitally
interested in the integration of the
elements of the Shuttle system. The

Group maintains close liaison with the -

Working Groups on Integrated Elec-
tronics and Biotechnology; it also
maintains liaison with: (a% the Flight
Research Center, where much flight
research pertiner:t to the orbiter part
of the Shuttle is being conducted; (b)
with the Manned Spacecraft Center, in

relation to interiaces with the ground
and flight operations systems; and (c) .

with the Space Station program.
When in the final analysis people

" ask “What is the value of these efforts

and the role of the Shuttle in the
future of man?” the answer may boil
down to this: the real benefits to man
will come from the applications pay-
loads defivered by the Shuttle, to
implement the operation of the orbit-
ing Space Station; the Shuttle itself
will serve to rake these things

possible at reasonable cost. m
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OART WORK TOWARD STATION—
TECHNOLOGICAL CHALLENGES

Oran W. Nicks®
Acting Associate Administrator for Advanced Research and Technology

“Through coordination with other government agencies and open channels of communications
with industry and universities, an increasing number of non-space related applications are being
found for the products of this NASA-generated technology.”

*Presently, Deputy Director of the NASA Langley
Research Center.

Major activity being directed by the
NASA Office of Advanced Research
and Technology to Space Station
needs includes research effort related
to the following aspects.

Artificial-Gravity Problems: To
date, the question of whether artificial
gravity must be. provided for long
duration space flights has not been
answered. |t may be required either
for astronaut performance enhance-
ment or for physiological reasons, or
for both. One of the concepts being
considered for the generation of intra-
vehicular artificial gravity calls for
rotation of portions of the space vehi-
cle.

Because these systems involve large
rotating modules connected with rela-
tively long flexible members, dynamic
response of the structure must be well
defined so that stabilization and con-
trol systems can be properly designed.
A problem here is to predict adequate-
ly the dynamic behavior during arti-
ficial-gravity evaluations. Accurate
analysis of the structural dynamics
requires experimental data which can-
not be obtained with full-scale struc-
tures prior to flight. Consequently,
simulation of the structural and oper-
ating characteristics in the laboratory
will be necessary using advanced tech-
niques for dynamic scale-model tests.
Research will be directed to develop-
ing reliable techniques for such simula-
tion tests, and to resolving dynamic
problems unique to this mode of space
station operation,

Environmental Protection: A vital
design consideration for the Space
Station is a ten-year orbital lifetime.
As such, it will be logical to accept
some possibility of repairable damage
rather than overdesign against antici-
pated hazards. Since the loss of pres-
sure and consequent loss of cabin
atmosphere are of great concern, we
need tc develop sensitive leak-detec-
tors and localizers to permit fast warn-
ing and identification of damage criti-
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cality — particularly for inaccessible
areas.

A major thermal problem of large,
manned space vehicles is the design
and development of efficient radiators
for the rejection of heat from both
internal and external sources. Radia-
tors for large Space Stations require an
extremely wide-ranging heat rejection
capability, along with a rapid response
to changing external temperatures.

We are developing techniques in-
volving the use of heat pipes or fusible
material heat sinks which will provide
the faster thermal response required in
radiators designed to use coolants such
as freon, rather than water glycol
solutions. We are also developing im-
proved thermal control coatings which
will maintain a low solar absorptance
as well as high heat rejection capability
over a long period of time.

Surface contamination has a major
effect in degrading and thus increasing
the solar absorptance of white space-
craft thermal control coatings. Nut
only is contamination by handling
prior to launch a major problem, but
the effect produced by the exhaust
plumes of attitude control motors can
be detrimental.

The possible effects of surface con-
tamination on telescope and other
optical surfaces utilized on a Space
Station are obvious. Here the systems
can be affected by minute amounts of
contamination produced by reaction
controls, by waste disposal, and by
outgassing of spacecraft materials in
vacuum. Therefore, an analysis of all
potential contamination sources and
hazards must be made to eliminate, or
at least minimize such effects. We are
pursuing a vigorous program to under-
stand the problem, and then to -de-
termine what to do about it.

The dimensions of spacecraft now
on the drawing board and in the
planning stage far exceed those which
were envisioned several years ago.
Since the construction of consecu-

tively larger thermal/vacuum test facil-
ities is not envisaged as spacecraft get
larger, we must continue to improve
techniques of thermal scale modeling,
methods to verify new thermal design
concepts, and tests of thermal per-
formance of spacecraft.

Meteoroid Environment: We have-

plotted meteoroid frequency as a func-
tion of effective meteoroid mass using
data obtained from Explorers XVI and
XXHI, the three Pegasus spacecraft,
and ground-based meteor observations.
These data have been used to develop
a generalized meteoroid environment
model as part of NASA’s Space
Vehicle Design Criteria Program.

Some uncertainties still exist, how-
ever, in the region of interest for
future manned missions. To meet im-
mediate needs for Space Station de-
sign, we are investigating the feasibility
of a low-cost thick-wall meteoroid
penetration flight experiment, utilizing
spent Saturn launch vehicle stages in
orbit.

Electric Power: The electric power
requirements of Earth-orbiting

manned spacecraft to-date have not .

exceeded about one kilowatt of elec-
tric power. Further, these spacecraft
have had to survive in space for a
relatively short period of time. By
contrast, the proposed Space Station
and projected Space Base will require
from 25 to 105 KW of power for
periods of up to ten years. These
requirements not only demand that
higher power energy sources be devel-
oped, but also that new and more
effective techniques for its distribution
to the user in the Space Station be
developed.

Thus, our Space Power and Electric
Propulsion Program is concentrating
on power :echnology developments
for Space Stations in three areas: (1)
high power-density, long-life energy
sources, (2) high-efficiency power-con-
version systems, and (3) multikilowatt,
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“In conjunction with the Office of Saline

Water, NASA has been searching for new
and less-costly water-reclamation methods."'

high-reliability power-distribution and
processing techniques,

During FY 71, the Atomic Energy
Commission (AEC) will continue its
development of high power-density,
long-life energy sources in support of
manned space missions. Included in
this activity are the SNAP-8 Uranium-
Zirconium-Hy..ride thermal reactor
and farge Plutonium 238 heat capsules.
We will also exam:'ne reactor designs of
much higher efficiency that cou!d
eventually replace the Uranium-
Zirconium-Hydride reactor, To a more
limited extent, techniques for improv-
ing solar array system technology will
also be pursued. In this latter area,
emphasis will be directed to the struc-
tural dyramics of deployable solar
panels having areas of up to 10,000
square feet, and to the evaluation of
b-ttery-cell technology aimed at a high
power-storage capability and long-
cycle life. Such data would be useful
should we need to develop a large

solar/battery power system.

In FY 71 the high-efficiency ther-
mal-electric power conversion effort
will concentrate specifically on two
systems: the Mercury-Rankine and
Brayton engine, Although both con-
cepts will be actively pursued, we
expect the Mercury-Rankine engine to
reach technology readiness first be-
cause all components have already
been endurance-tested for more than
10,000 hours. On the other hand, the
Brayton engine, because its potential
operating efficiency is much higher
than that of the Mercury-Rankine
System, has goocd growth capabilities
for even larger power requirements. In
addition, the Brayton engine can aiso
operate equally well with a radioiso-
tope heat source, thus giving it a
broader operational applicability. Both
systems require extensive analytical
and experimental efforts which involve
a great deal of component, system,
and life testing.

Multikilowatt, high-reliability power
distribution and processing techniques
are needed to efficiently handle up to
100 times more power than has been
used in space. We know that current
technology is inadequate to accom-
plish this task. We do not know what
power distribution concept is best for
our purposes. The form in which
power is distributed (alternating cur-
rent, direct current, voltage level, fre-
quency, waveform) is of paramount
importance in determining the type of
e lectronic component technology
which must be developed. These fac-
tors are of vital concern in focusing
the techrology program, which in it-
self wili be a major task.

Information Systems: Studies have
shown that checkout and fault isola-
tion of the operational and support
systems of a Space Station are of
critical concern if we are to operate
such systems for extended periods of
time. The handling of the large masses
of data associated with the operation
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and utilization of manned Space Sta-
tions is another area of vital concern.
Current estimates indicate that data
loads will be several orders of magni-
tude greater than we have had to
handle to date, :ipproaching billions of
bits of data per second. The program
must also include related development
of communications technology and, in
addition, on-board position determina-
tion and guidance for support of ex-
periments or resupply vehicles.

The FY 71 effort in the Electronics
Systems Program will continue analy-
sis of automated on-board checkout
and fault-isolation systems that will
assist in reducing the time and cost of
launch operations. Work will continue
on automated on-board methods for
system-status monitoring for long or-
bital lifetimes independent of close
ground-control. New effort will be
directed toward the reduction of tech-
nology gans in checkout software and
error correction language, and the de-
velopment of passive techniques for
verifying the performance of radio
communications systems.

Operation of the Space Station, its
experiments and laboratories requires
the development of new computer
approaches that can handle high data-
rates and, in addition, provide the
flexibility to process many difierent
kinds of data. A ‘‘multiprocessor”
computer having modules of memory
and processcr capability, which can be
automatically modified to overcome
partial failtres, will be studied. In
addition, effort will be directed at the
verification of multiprocessor tech-
niques for Space Station applications.
Work on a natural programming lan-
guage compatible with a multiproces-
sor will be started so that special crew
training ir,'computer programming can
be minimized.

It is anticipated that a tracking and
data relay satellite will be utilized to
transmit experimental inputs to the
Station and results from the Station to

reduce the number of ground tracking
sites, Thus, we plan to examine the
design problems of new, lightweight
Space Station antennas, high power C,
S, or K band transmittei's, and low-
noise receivers that will be compatible
with the relay satellite.

During FY 71 data coding technol-
ogies will be examined to determine
what can be done to extend current
techniques to the higher data-rates.
Optical communrication techniques,
which look very promising will also be
examined as a means for providing
communications links between the
Space Station and free-flying experi-
ment modules.

With regard to position determina-
iion and pcinting control, the program
will contain work on advanced horizon
sensors and ‘‘strapped-down’ gyrof
accelerometer systems. A laser radar
will be redesigned and testing started
to verify its capability to satisfy antic-
ipated Space Station needs.

Control Research: In carrying out
an extensive research program on cor-
trol systems for lafge manned space-
craft, as part of the Electronics Sys-
tems Program, Langley Research

Center has developed a simulation

capability which can now be applied
to mission research studies. The
Langley simulatior facilities provide
for incorporating sensor and actuator
hardware and the human operator in a
simulated system, as well as simulation
of all elements of the system.

Research efforts applicable to Space
Station control system definition and
development are under way. This ef-
fort is concerned with mission phases
and is organized into the area of
vehicle dynamics, stability, experi-
mental control system functions, new
operation efforts and control of sub-
systems. Efforts to date have: im-
proved the steering and maneuver
logic; identified a minimum-energy
adaptive stabilization approach to re-
duce ground testing requirements for a

wide range of configurations antici-
pated for the Station; and developed
and tested a monitor and diagnostic
system for on-board failure detection
and repair. These efforts will be con-
tinued. )

In providing jet thrust for Space
Station control, a major milestone was
achieved in the development of resisto-
jet technology applicable to manned
Space Stations with the successful
completion of endurance testing of
ammonia and hydrogen resistojets.

During FY 70. initial tests were
conducted on thrusters capable of
operating on environmental control
life support systems biowastes, such as
carbon dioxide, methane, urine, and
water. The operation of such propel-
lant at high temperatures creates an
environment which is hostile to most
materials. Potential problems of oxida-
tion, carburization or material deposi-
tion can exist. The crucial research
problem therefore is in the selection of
appropriate materials from which tc
construct the thrusters.

This work will continue in FY 71
along with research on necessary sub-
system elements required to success-
fully integrate the biowaste system
into the environmental control and life
support system of a Space Station.

Life Support Systems: As the
duration of man’s stay in the space
environment increases, it becomes
tremendously important that life sup-
port and protective systems be highly
reliable and maintainable, In addition,
where weight conctraints limit supply
storage, or in the case of Earth orbit,
where resupply can only be accom-
plished periodically, systems must be
capable of regenerating vital supplies,
Recycling of oxygen and water and
management of human wastes will
b ecome essential. Consequently,
oxygen and water recovery technology
are receiving primary attention be-
cause the payoff in tern< of weight-
savings is greatest.
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A 90-day test with a four-man
simulator was conducted in summer
this year for the Langley Research
Center by the McDonnel Douglas As-
tronautics Company, Western Division.
This NASA-sponsored run included an
on-board oxygen recovery system
with a water electrolysis unit. This
water electrolysis device, a major com-
ponent in the subsystem for oxygen
recovery from carbon dioxide, was an
advanced development completed by
Langley Research Center on the basis
of data obtained in their earlier 28-day
manned test.

Other advanced subsystems were
also tested during the 90-day run.
Highly advanced subsystems for water
recovery utilizing vacuum distillation
and vapor pyrolysiis with an isotope
power source, as well as a water vapor
electrolysis unit for humidity control
were validated. A flight prototype
atmosphere sensor and controller, and
an advanced carbon dioxide removal
unit were also tested for a comparison
of their performance against previ-
ously tested equipment.

The odors and trace gases that can
huild up in sealed environments must
also be removed or altered to less-toxic
ccmpounds. The functional unit that
accomplishes this task consists of a
large sorbent bed, a cati* tic oxidizer
and several small sorbent beds, a bac-
terial contaminant control unit
(0.3-micron filters), and a particulate
contaminant control unit composed of
several debris traps and roughing fil-
ters. High temperature catalytic oxida-
tion is the principal trace-gas contam-
inant-control device. |t is a satisfactory
process for the removal of methane,
hydrogen, carbon monoxide, and
many volatile organics present in the
atmosphere. However, since some
compounds (sulfur, for example)
poison the catalytic oxidizer, pre- and
post-treatment sorbent beds are re-
quired.

Activated charcoal also has applica-
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tion for contaminant control, but the
weight penalty involved constitutes a
major drawback for very long-term
missions. The results of studies aimed
at charcoal regeneration by application
of heat and a vacuum have been
encouraging. Electrochemical regenera-
tion methods are being developed in
conjunction with the Federal Water
Pollution Control Administration.
Sorbent development programs also
have application to air pollution con-
trol, and NASA is exchanging research
data with the National Air Pollution
Control Administration in this area.

As the projected duration of
manned spacecraft missions is in-
creased, the need to measure and
control more accurately the partial
pressure of major atmospheric constit-
uents and trace contaminants also be-
comes increasingly important. Since
the basic technology is for the most
part already available, the develop-
mental thrust has been primarily di-
rected at miniaturization and packag-
ing for minimum power and weight
penalty and high reliability.

Processing of waste water and urine
has . long been recognized as a high
priority item in regenerative life-sup-
port systems. The majority of the
processes now under development for
urine and condensate water recovery
involve vaporization and subsequent
condensation. Recovery in the 95 to
97 per cent efficiency range has been
considered sufficient to effectively
close the water loop. Catalytic oxida-
tion of water, via vacuum distillation
and vapor filtration, is one of the more
competitive advanced subsystems
available.

One significant penalty of distilla-
tion techniques is the cost in weight
and power. NASA, in conjunction
with the Office of Saline Water (OSW)
aas been searching for new and less-
costly water reclamation methods. The
result of this collaboration is the uevel-
opment of a highly promising wash-
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Full-scale mockup of General Electric Space Division’s Earth Surveys Module displayed in
semi-operational mode, with solar panel visible in retratted position in upper part of photo.

water reclamation technique based on
the principle of reverse osmosis, that
is, pressure filtration through a semi-
permeable membrane, to remove sol-
utes, Such a reverse ostnosis unit has

been developed by Philco-Ford Com--

pany for OSW and NASA.

As must be evident, psychological
and physiological acceptance of cur-
rent bag concepts for feces collection
and urine dumping will decrease sharp-
ly for long-term space missions, Sev-
eral advanced concepts are currently
under dsvelopment, The objectives of
each of these are to: (1) collect, treat,
and store all solid and liquid wastes;
(2) eliminate odors, aerosols, and
gases; (3) sterilize waste matter to
inhibit or eliminate microorganism
production, prevent production of
gases, and prevent crew contamina-
tion; and (4) reduce storage mass and
volume of waste materials,

Another advanced waste processing
unit is Leing developed which is of
interest to the Federal Water Pollution
Control Administration in connection
with sewage treatment techniques, It
uses a technique known as high-pres-
sure wet oxidatior., Briefly, this sys-
tem combines the wet residue from
the water recovery subsystem with
solid waste .naterial and processes the
mixtire at about 5509F, Early labora-
tory tests showed that the gases and
vapors evolved were principally non-
toxic ones — water vapor and carbon
dioxide.

A variety of government or indus-
try-funded research programs are cur-
rently studying new foods for space
flight, including frozen food packs,
dried fruit packs, and canned foods.
The most promising developments ap-
pear to be modifications of present
freeze-dehydration methods to reduce
volume and to enhance flavor along
with such techniques as wet packaging,
These approaches when tried so far
have served to boost morale consider-
ably.
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For very long-term space missions
logistical considerations indicate that,
if at all possible, at least a portion of
the food consumed by the crew should
be regenerated. This would result in
considerable weight and volume sav-
ings. At the present time, physio-
chemical regeneration of carbohdrates
from expired carbon dioxide and
water appears to offer the most prom-
ise. An estimated 50% of the diet
could be provided in this manner.
During the past year, there have been
major advances in this approach as a
result of efforts at the Ames Research
Center.

Diets have been developed at Ames
which contain only two or three chem-
ically-syntehsized pure nutrients.
These diets fed to young animals did
not impair normal growth, sexual
maturation, or reproduction. Some
groups of animals have been reared for
three generations consuming only
these diets.

Laboratory prototypes have been
developed for synthesizing two pure
nutrients, formose sugars and glycerol.
They will be used to obtain data for
the fabrication of automated minia-
turized apparatus more suitabie for
aerospace evaluation.

Recently, several private organiza-
tions have expressed considerable in-
terest in physiochemical nutrient
synthesis. The commercial process
would differ from the aerospace appli-
cation process in that methane, rather
than carbon dioxide and hydrogen,
would be the raw material.

Astronaut Protective Systems: Al-
‘though a shirtsleeve environment is
planned for long-term missicns, extra-
vehicular activity still requires efficient
spacesuits. Advanced spacesuits arnd
reliable portable life support systems
will be needed for the safe conduct of
extravehicular tasks, such as repairs.
Recent progress in these areas is de-
scribed in what follows.

Conceptual renaition of General Electric Space Division's Earth Surveys Module depicted
in operational mode, mounted on the Space Station in an Earth-scanning attitude.

The Manned Spacec:aft Center con-
tracted with the AiResearch Manu-
facturing Division oi the Garrett Cor-
poration to produce a spacesuit which
featured the best cuzabilities of both
the hard and soft spacesuit joints for
extravehicular use. The AiResearch ex-
travehicular suit utilizes the hard
spacesuit derived “stovepipe’ joint in
the shoulder and hip areas, moulded
“nesting bellows” convolutes in the
elbow, waist, thigh, knee, and ankle
sections, and a single-axis rigid-bcdy
closure with rotation capability.

The reduction in torque values
achieved in all joint ranges represents a
state-of-the-art breakthrough. Proof-
of-concept has led to acquisition of
this system under the Office of
Manned Space Flight mission funding

for engineering design verification test-
ing.

At the Ames Research Center, the
development of the AX-2 hard space-
suit system has had for its technology
goals the achievement of a totally hard
structure system, proof of the stove-
pipe principle in complex joint sys-
tems, and a total operating pressure of
7 to 10 psia. The AX-2 hard suit
program has successiuliy mct its tech-
nology goals. Only the glove system
still has soft components. Work has
been initiated this year to study poten-
tial solutions to this problem.

The design goal of the metal fabric
suit program ‘s the establishment of a

" suit sysicm which embodies in one

fabric layer tie capabilities for gas
irnpermeability, abrasion resistance,
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Artist’s rendition of the General Electric Company Space Division’s robot Teleoperator shown

in process of replacing a sensor unit on rhe Earth Surveys Module.

and structural restraint — instead of
three layers with one capability per
layer. The Litton Systems, Inc., Ap-
plied Technology Division, is con-
structing such a suit system under
coritract to the Manned Spacecraft
Center.

Human Research: Scientific data
obtained during the more than 5,000
hours of manned space flight to date
have done much to dispel speculation
about man’s ability to function for a
short time in a weightless environment
and to make the stressful transition to
and from that environment. While
results so far are encouraging, there is
as yet no definitive answer to the
question: ‘‘Are there subtle changes
(in response to long-term weightless-

ness) which, as yet have been unde-
tected? Are there changes which will
appear only in prolonged flight?” This
question was posed in 1967 by the
President’s Science Advisory Commit-
tee. Since that time a great deal of
effort has been expended to provide
the answers, Much has been learned,
but much yet remains o be done if we
are to “achieve a depth of understand-
ing about man and his role in space
that will permit his optimal integration
into future space programs.” This last
requirement set forth by the Pres-
ident’s Science Advisory Committee in
November 1969 can be said to be the
goal toward which the Human Factors
Systems Program is working.

All the foregoing examples of re-

search effort represent only a portion
of the work currently sponsored and
directed by the NASA Office of Ad-
vanced Research and Technology,
through the Space Vehicles Program,
the Space Power :nd Electric Propul-
sion Program, the Electronics Systems
Program, and the Human Factors
Systems Program, The evolving tech-
nology has many applications, com-
mon to many needs both here on
Earth, as well as in space. It is not
surprising, then, that almost half of
OART’s space technology effort, is
applicable to the Shuttle and the
Space Station.

Through coordination with other
government agencies and open chan-
nels of communication with industry
and universities, an increasing number
of non-sp.ace related applications are
being found for the products of this
NASA-generated technology. These
applications can also contribute to
increased safety in transpurtation
systems, improved techniques in clini-
cal medicine, new insights into human
physiology, and techniques for
environmental pollution control. #i
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DEVELOPING THE TECHNOLOGICAL
BASE FOR THE SPACE SHUTTLE

Adelbert O. Tischier
Director, Chemical Propulsion Division
Office of Advanced Research and Technology

Molding the concept of a reusable
Space Shuttle economical to develop,
produce, and operate presents by far
the most challenging technical task we
have had in the space program, For we
are dealing with a concept that will
marry the most advanced states of
aircraft and spacecraft technologies
and then some more. And the fore-
most Juestion we are now trying to
answer is: how much more technology
will we need, without risking escalat-
ing development costs? The answer
will help us project the design of the
Shuttle with some realistic cost esti-
mates,

- Technology Steering Group

To develop inputs toward these
ends, the NASA Office of Manned
Space Flight (OMSF) last year com-
missioned the Office of Advanced Re-
search and Technology (OART) to
develop a base of technological in-
formation and of exnerience — for
judging the merits of various technical
concepts on which to base a realistic
design. Since the OART was function-
ally organized, it was in an advanta-
geous position to structure a Shuttle
Technology Steering Group to tap the
specialized expertise residing at
NASA'’s field Centers.

The Technology Steering Group is
subdivided irito seven Working Groups,
each representing a technological
specialty. Working groups are headed
by senior technologists from the field
Centers (see accompanying chart). The
total advisory body represented by the
Working Groups includes some 125
people, with about even representation
from OMSF and OART. We also have
ten representatives from DOD, dis-
tributed throughoui the Steering
Group.

What was done through the organi-
zation of this Technology Steering
Group, in_effect, was the superimpos-
ing of a project structtite on top of an

existing disciplinary tree. The Steering
Group and the Working Groups serve
only -in an advisory capacity; t1e
actual management of funds and the
boilersiating are accomplished through
the CART and the OMSF.

All Centers Contributing

The development of the Apollo
represented a massive challenge in
communication and effort integration.
Yet the development of the Space
Shuttle and Space Station as a total
system may pale the Apollo effort —
~ne reason for this being that while
Apollo involved the integration of
effort mostly from the Marshall Space
Ftight Center and the Kennedy Space
Center, the Shuttle and Station will
draw from the technological resources
of all the Centers.

We have a wealth of technology
developed during the Sixties, but we
also have sizeable gaps in the total
spectrum of know-how needed for
predicting costs realistically. It would
be foolhardy to make technological or
cost projections without a firm footing
in all the major areas of expertise
because of the extent of interdepend-
ence of these areas in shaping the
success of the Shuttle,

For example, our studies indicate
that there is a critical relationship
bétween the performance of a two-
stage Shuttle and its mass-- to the
extent that a one percent change in
main propulsion performance is equiv-
alent tc almost one quarter of the
payload to be put in orbit (in-orbit
payload represents 1.0 to 1.5% of the
Shuttle’s take-off mass). Considering
that the Shuitle’s propulsicn systems
and structural as well as thermal pro-
tection materials would be extensions
of current technology, it would be
difficult to overstate the importance
of having some real livable numbers
based cn experience in these areas.

“What s a functional interface?lt js a
hypothetical boundary which is opaque
from both sides... Human nature being
what it i, interfaces can never be eliminated
compjetely. But when common goals can be
zyreed upon the interfaces lose some of
their opacity.”

Unprecedented Integration

Another unique aspect of the Shut-
tle’s design will be an unprecedented
extent of systems integration, and
autonomous on-board checkout.
Systems integration should, for ex-
ample, be to the extent that the
Shuttle’s guidance, navigation, control
and communication systems should be
able to interplay with each other and
present the pilot with only what he
needs tc know for his decision-making.
Man is superior to machine in absorb-
ing and judging new information, but
inferior to computers and machinery
in performing routine and repetitive
tasks.
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Invisible Boundary

As | said earlier, our basic challenge
in pulling together the resources and
technological information needed for
the Shuttle, is communication —
communication across countless inter-
faces: inter-organizational, inter-
personal and functional. And what is a
functional interface? It is a hypotheti-
cal boundary which is opaque from
both sides . . . In this respect, | feel my
function is essentially o increase the
translucency of interfaces in this ef-
fort. Human nature being what it is,
interfaces can never be eliminated
completely. 8ut when common goals
can be agreed upon interfaces lose
some of their opacity.

“We need total visibility of all the things
being done in the name of the Shuttle, to
make the needed decisions based on scien-
tific and engineering judgement, indepen-
dent of political judgement.”

EPZRIN

“While the Apollo program involved the integration of effort mostly from the Marshall Space

Flight Center and tne Kennedy Space Center, the Shuttfe and Station programs are drawing
from the technological resources of all the NASA Centers,”

Formal Reporting Procedures

We have a fairly formal reporting
procedure to promote the flow of
information from over 100 individual
on-going efforts in the Shuttle tech-
nology program which spans seven
NASA Centers. Each effort reports
monthly both to managing NASA
Headquarters Divisions, and to cogni-
zant Technology Working Groups,
These Groups then summarize the
inputs from all the tasks being per-
formed, and they evaluate and report
results to the Technology Steering
Group. The Steering Group — com-
posed of chairmen of Working Groups
plus senior personnel from the Ceriters

and Headquarters — then feedback
down to specific efforts to shift em-
phasis or initiate new studies as
needed. It is the responsibility of the
Technology Steering Group to survey
the total effort for deficiencies, and to
integrate the results of studies from
the various disciplines into answers to
our technological questions,

Our reporting procedure is on a
fairly detailed format. We need total
visibility of all the things being done in
the name of the Shuttle, so we can
scan ihe total effort for trouble spots.
We need this kind of visibility to make
the needed decisions based on scien-
tific and engineering judgment, in-
dependent of political judgment, smg
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AIM OF MEDICAL EXPERIMENTS PROGRAM:
TO BETTER KNOW EARTH-MAN IN SPACE

Interview with Dr. Sherman P. Vinograd

Director, IMBLMS Program and Research and Technology

Broad Medical/Behavioral Experiments Program for evaluating human system changes induced
by space flight may advance diagnosis and therapy in Earth’s environment

“Know then thyself, presume not
God to scan;
The proper study of mankind is

man,”
Alexander Pope (1822-1892)

“Know thyself!” — the precept said
to be coined by Socrates and a few of
his lesser-known colleagues, some
2400 years ago — spells the basic pur-
pose and motivation for any of our
efforts related to NASA’s Life Sci-
ences Program,

Meaningful discussion of projects
and concepts in this field of activity
requires the highlighting of program
contexts and kinships. For example,
NASA’s overall Life Sciences Program
includes two major and related fields,
Space Medicine and Space Biology.
Space Medicine is concerned with the
task of understanding man as a func-
tioning whole, and with safeguarding
his well-being while he is engaged in
space operations and exploration;
Space Biology is aimed at utilizing the
unique environment of space—
unhampered by the regulating influ-
ences of Earth— to increase our
understanding of the detail processes
of human life and those of other living
organisms, The ultimate objective of
both fields of study is to know more
about man — the prodigious product
of this uncommon planet.

As man’s successful but short space
visits, in the early Sixties, began firm-
ing the foundations for the longer ones
to come, information on the effects of
the new environment became of vital
importance, We realized, as far as
aerospace medicine and its technology
were concerned, that we needed to
extend: (1) our knowledge about the
long-term biomedical and behavioral
characteristics of man in space, and (2)
to provide means whereby his physio-
logical capabilities in the space en-
vironment might be enhanced for
long-duration missions.

"A general philosophy of the Medical/Behavioral Experiments Program has been to plan
experiment flighi-schedules to explore known or expected problems, as well as to conduct
human systems monitoring across-the-board, as much as practicable.”

Early Flights for Engineering

The primary orientation of our first
manned space flight program — Project
Mercury — was toward demonstrating
that the overwhelming engineering
problems of space flight could be
overcome, Accordingly, during the
Mercury missions, and the follow-on
Gemini, the concern of the medical

scientists centered mostly on assuring.

man’s support in space and his safe
return to Earth — while predetermined
engineering goals were being achieved,
The Gemini Program did carry some
medical experiments. but again these
were secondary to the engineering
objectives of the missions.

Unlike the Gemini Program, the
current Apollo Program does not

undertake formal medical experiments
for learning more about the biomedi-
cal changes of man in space. The
medical experience from Gemini indi-
cated what could be expected of man’s
physiological capabilities on a two-
week mission. Therefore, the sharter-
duration Apollo missions, from a bio-
medical sense are. merely adding
breadth to the manned space flight
experience; the Apollo Program now
in progress represents an extension of
the application of the traditional
principles and practice of aerospace
medicine to include the lunar environ-
ment,

Apollo’s Medical Requirements

Medical requirements for Apollo are
dicatated by three objectives which
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have been constant throughout the
entire manned space program: (1)
crew safety; (2) medical information
required for mission management; (3)
continued study of biomedical changes
in man as a prelude to longer-duration
missions. These objectives are being
met by gathering medical information
through three methods:

® Ground-based measurement, or
previous flight data gathered as base-
line information for operational pro-
files. :

® Monitoring of hcart rate, respir-
atory rate, and body temperature dur-
ing missions, by physicians on the
ground, as well as verbal reporting ot
flight crews.

® Extensive pre- and post-flight
medical examinations.

Even as early as in 1963, we could
see that truly intensive biomedical
studies have to be projected for the
longer-duration capabilities of post-
Apollo programs. But the Apollo Ap-
plications Program (now called Sky-
lab), which was to become the first
orbiting research laboratory for such
purposes, was far in the future. So we
had to keep our interim biomedical
objectives on the limited capabilities
of the Gemini Program. Thus, a Medi-
cal/Behavioral Experiments Program
began in 1963, with a study of the
Biomedical Experiments Working
Group —an ad hoc group of NASA
life scientists who devoted a series of
meetings to an evaluation of the medi-
cul and behavioral aspects and require-
ments of an orbiting research lab. This
was followed by two study contracts,
to explore these questions in greater
depth. One contract was with Repub-
lic Aviation, the other with North
American Aviation.

Start of Intensive Studies
In January 1964, the Space Medi-

cine Advisory Group (SPAMAG) of 20
prominent consultants of the medical
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community began its in-depth study of
this problem. The report of this group
was followed by a series of eight
two-day meetings chaired jointly by
the NASA and the DOD.

A Technical Advisory Committee of
ten NASA Centers and Headquarters
Life Sciences specialists was called
together in February 1965; their mis-
sion was to assemble, from the four
reports resulting from the work thus
far, a group of potential medical and
behavioral experiments for an orbiting
laboratory program. This was part of
an investigation directed by Dr.
Robert Seamans (then NASA’s Deputy
Administrator) resulting in the formu-
lation of 23 medical/behavioral experi-
ment concepts, as a representative
package of medical experiments for
the orbiting lab. Shortly thereafter,
this group of pseudo-experiments was
reassembled into eight component
areas of body function: neurological,
cardiovascular, respiratory, metabolic
and nutritional, endocrine, hematolog-
ical, microbiological and immunolog-
ical, and behavioral. Each of these
areas has its own list of required
measurements and procedures. This
list has been reviewed and updated
repeatedly with the aid of our con-
sultant advisors, the Biomedical Sub-
committee of the Science and Tech-
nology Advisory Committee (formerly
the Medical Advisory Council). The
total measurement requirements for
the evaluation of the above eight
component areas of body function
were eventually incorporated into the
capabilities of a system which came to
be identified by the acronym
IMBLMS — Integrated Medical Be-
havioral Laboratory Measurement
System — which | shall discuss in some
detail later.

First tests of the medical/behavioral
experiments of the program were con-
ducted aboard Gemini spacecraft, in
1965. The Gemini package consisted
of eight experiments, several of which




were flown on more than one mission.
As originally conceived, the medical/
behavioral experiments plan for the
Apolio Program was an expansion of
the Gemini package. But changes in
the Apollo flight program ultimately
restricted these plans to the extent
that only three pre- and post-flight
experiments were implemented. The
remainder have been projected for use
later in this decade, when the orbiting
Skylab becomes a reality., Thorough
medical operational evaluation, how-
ever, continues to be carried out in
Apollo.

Technology and Methods

The initiation of the medical/be-
havioral experiments program in 1963
signalled the establishment of a new
goal beyond the development of life-
support technology — the develop-
- ment of technology and methods, also
for evaluating the changes in human
functions and capabilities that might
be induced by space flight. Such an
evaluation was addressed to answering
a number of top-priority questions,
: the answers to which would provide a
: clearer delineation of man’s capabili-
; ties and role in the man-machine sys-
: tems of spacecraft. These questions are
grouped as applicable to the eight
: component areas of body function we
discussed earlier. A few typical ques-
tions in the cardiovascular area, for
example, are:

® How are venous compliance and
central venous pressure and their ad-
justing mechanisms influenced by pro-
longed space flight?

® How is cardiac function affected
by long-duration space flight?

® What are the factors of space
flight which cause changes in circulat-
ing blood volume and its distribution?
At what point and under what condi-
tions is a new equilibrium established?
Etc.
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“Space medicine has already had very significant, although largely indirect, influence on health
care as evidenced in a number of ways: in the use of bioinstrumentation in intensive care units,
in cornputer technology for more accessible and quickly available medical data, and in dynamic
(as opposed to static) electrocardiographic and other evaluations for the earlier identification of
potential medical problems.”
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Two Major Objectives

it should be stated for the purpose
of gross orientation, that the total list
of top-priority questions referred to
earlier constitutes our detailed ap-
proach to the two major categories of
our program’s objectives. In the first
category, which is oriented to manned
space flight, we need to determine as
precisely as possible man’s medical and
behavioral responses, functional limita-
tions, the time course of the effects of
space flight, means of prevention or
correction of undesirable effects, sup-
portive requirements in space flight,
etc. This information will be applied
to the substantiation of man’s role in
man-machine systems, and to the plan-
ning of future missions.

Our second major category :*% objec-
tives is oriented toward Earth-based
medical science. Our purpose in this
respect is to advance medical science
through experiments designed to uti-
lize the unique environmental charac-
teristics of space, without a primary
interest in applying any resulting find-
ings to space flight. For example, any
physiological function which might be
considered to be gravity-dependent in
some respect is potential subject mat-
ter for investigation in the space en-
vironment.

Major Conceptual Approaches

Efforts directed toward these objec-
tives are guided by several conceptual
approaches that should be explained
briefly to clarify the <cope of the
Medical/Behavioral Experiments Pro-
gram. The following are some of the
major approaches used:

(1) Principal investigators in this
Program are not necessarily NASA
personnel, It must be recognized that
the Space Program is national in scope
and broadly scientific in nature; the
installation of experiments aboard
spacecraft is expensive; and flight op-

portunities are sparse. For these rez-
sons, NASA places strong emphasis on
the participation of highly competent
individuals of the national scientific
community as principal investigators
— regardless of their affiliations.

(2) A general philosophy of the
Program has been to plan experiment
flight schedules to explore known or
expected problems, as well as to
conduct human systems monitoring
across-the-board, as much as practic-
able. Had this not been done in the
Gemini Program, we would still be
unaware of the red blood cell and fluid
compartment changes which were dis-
covered.

(3) Regarding the technical con-
tent of the Program, the major variable
is the duration of flight. The most
intriguing unknown factor is pro-
longed weightlessness. This does not,
by any mezns, imply that weightless-
ness is the only factor of interest, nor
does it imply that it will necessarily
turn out to be the most important.
However, it is an important factor and
it remains unknown because of our
inability to reproduce it on Earth.

(4) With respect to the question of
artificial gravity, the Medical/Behav-
joral Experiments Program seeks to
establish the need for it by evaluating
flight crews who operate for increasing
periods wiihout gravity. Shorter mis-
sions can provide the opportunity to
investigate artificial **g” techniques
consistent with optimal crew, space-
craft and mission function, and per-
formance. However, until the role of
gravity can be determined, we feel that
artificial “g” should be considered —
at least initially — as a design feature
of future spacecraft.

(5) As humans we are character-
ized by a broad range of individual
responsiveness to any given set of
conditions. This fact, and the relative-
ly small number of flight crew mem-
bers participating in space missions,
necessitate the repetition of most-ex-
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periments to establish statistical valid-
ity of the findings.

(6) Lastly, the Medical/Behavioral
Experiments effort must be viewed as
a continuing one, serving and being
served by a succession of flight pro-
grams of different durations. As these
experiments fulfill various investiga-

tions refated to space flight and to |}

Earth-based medicine, the Program
will be continually revised to accom-
modate refinements and new studies,
and to discontinue those which can be
considered completed.

Functional Organization of Program

For program management purposes
the Medical/Behavioral Experiments
efforts have been structured function-
ally into two mutually-dependent

groups of activity as shown in Table 1.

The first group (1) includes the experi-
ments themselves — their planning,
solicitation and management during
both the definition and development
phases. One aspect here, item IB in
Table |, deserves additional explana-
tion. The process of reviewing experi-
ment proposals for scientific merit,
used since 1966, involved two steps: a
review by the NIH Study Section
System, and a succeeding evaluation
oriented primarily toward manned
space-flight capabilities and require-
ments. The second evaluation was
made by a highly qualified team of
medical consultants to NASA (estab-
lished in May 1965 as the Medical
Advisory Council) now known as the
Biomedical Subcommittee of NASA’s
Science and Tecknology Advisory
Committee.

As mentioned earlier, the Medical/
Behavioral Experiments Program is
presently organized into the explora-
tion and evaluation of eight areas of
human function. Components of these
eight areas make up the individual
experiments in development for the
Skylab, and four experiments in pro-
cess of definition.
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Table 1
FUNCTIONAL ORGANILATION

OF MEDICAL/BEHAVIORAL EXPERIMENTS PROGRAM

MANAGEMENT OF MEDICAL/BEHAVIORAL EXPERIMENTS

A.

Determination - of requrrements and mamtammg reIatronsh|ps -
: support and part|c|patlon of the sc|ent|f“c communlty :

B. Revrew of experlment proposals for sc|ent|f|c ment

Support. of experlments in def|n|t|on

© Selection; convers|on and support of exper|ments for development
phase B L

.. Support’and gwdance dur|ng operauonal data gatherlng and postlb

mission data reduct|on and report|ng phases. |

‘Apphcatlon of data to the .cdlcaI/Behav|oraI>Experlments Pro;: '

gram, manned space fllght a'1d the cwlllan commun|ty as |nd|-
cated .

. R&D SUPPORT OF MEDICAL/BEHAVIORAL EXPERIMENTSVE

PROGRAM . R ,

o A.—v IMBLMS (Integrated Med|cal and Behaworal Laboratory System) ._
©B. . ParaIleI development efforts to advance status of ‘the .art in
-+ measurement-techniques and equ|pment to. enhance the capab|I|t|es_';
SR of IMBLMS and proposed experlments ; o

¢ vS|muIat|ons and ground based data |e the support of ground‘
.+ - - -based simulation. and other: stud|es in; order to obtain -a body of
- pertinent data as-a .normative .or _control base to perm|t the":-.,

e _'extractlon of vaI|d concIus|ons from fI|ght data U S

R&D Support

Turning again to the functional or-
ganization of the Medical/Behavioral
Experiments Program (Table 1) let’s
consider the activities grouped under
item Il, the R&D Support of tine
Program. Task 1IA consists of the
Integrated Medical and Behavioral
Laboratory = Measurement Systems

(IMBLMS), introduced earlier.
IMBLMS identifies the development of
a highly flexible and sophisticated
laboratory system far accommodating
the medical and behavioral measure-
ments required for existing and antici-
pated experiments.

The Medical/Behavioral Experi-
ments Program presents some unusual-
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ly challenging aspects; it is an effort to
gain sound scientific knowledge of
human responses to an unknown en-
vironment through research in a
medium which requires hard, complex
and predetermined engineering and op-
erational interfaces. The IMBLMS con-
cept was devised to meet such require-
ments by featuring maximum internal
flexibility (through modularity) with
minimal impact on its basic envelope
of external needs.

Basically, IMBLMS consists of a
rack-and-module system which can be
assemblec into working consoles to
suit the requirements of the spacecraft
and the experiments program of the
particular mission. Hardware modules
or submodules for any projected spe-
cific experiment can be developed for
accommodation in the IMBLMS and
used as needed.

Five Functional Elements

Flexibility of the modular approach
is aimed at significantly reducing lead
times, simplifying in-flight mainte-
nance, and providing for the economi-
cal updating of equipment. The cur-
rent concept of IMBLMS incorporates
five functional elements: physiologi-
cal, behavioral, biochemical, micro-
biological, and data management.
These five elements together will ac-
commodate the required measure-
ments in all eight human function
areas of the medical/behavioral investi-
gation. The IMBLMS will be composed
of two or three consoles, plus five or
six pieces of peripheral equipment.
Presently identified peripheral equip-
ment includes: a bicycle ergometer, a
retating litter chair, 2 body-mass meas-
urement system, a lower-body nega-
tive-pressure device, and a specimen-
mass measurement system.

The IMBLMS measurement capabil-
ity was derived from the previously
mentioned 23 Medical/Behavioral Ex-
periments formulated in 1965. At that
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time we needed to time-line these 23
pseudo-cxperiments, We decided to do
that by extending an existing study
coniract with Lockheed. They were to
build a mock-up of a Medical/Behav-
joral Laboratory in a mock-up of a
Lunar Excursion Module, and time-
line these tneasurements with crew
suited and unsuited. This was accom-
plished as a four-month effort which
ended in February 1966.

Chronology of IMBLMS

In our first draft work-statement, in
March 1966, we defined the modular
and highly flexible IMBLMS concept,
including prefabricated rack mount-
ings, interfaces, etc., and began prepa-
rations for Phase B final definition of
this Phased Project Procurement. A
Request for Proposal was distributed
and responses received. In April 1967
General Electric’s Space Division and
Lockheed Missile and Space Com-
pany’s R&D Division were selected,
and Phase B work started in June
1967. This phase has actually con-
sisted of four steps or subphases ex-
tending from concepts through bread-
voard development, and on to prelimi-
nary flight design. Phase B4 will end
later this year; it will be followed by
the selection of a single contractor,
and the initiation of Phase C, detaii
design, in early 1971, According to
present plans, IMBLMS hardware wiil
be available for flights of this decade.

Let’s refer once more to the func
tional organization chart of the Medi-
cal/Behavioral Experiments Program
(Table 1) and discuss briefly items 1B
and [1C, to complete the picture.

Task area IIB consists of a series of
independent grants and contracts
aimed at further refining measure-
ments techniques and equipment to
augment the capabilities and accura-
cies of the IMBLMS. This is an impor-
tant task area for many reasons, a
major one being that many standard

“By pointing to its own unique needs for
bioinstrumentation and telemetry, NASA
played a catalytic role in the rapid growth
of this field,”

techniques are not adaptable to the
environment and other circumstances
of manned space flight. Also, most of
these requirements were identified
several years ago and can benefit by
new viewpoints. There is stil work
needed especially in such areas as
behavior, biochemistry, microbiology,
energy metabolism during suited activ-
ity, accurate determination of fluid
intake and output measurement,
venous pressure and cardiac output
techniques, etc.

The last R&D task area, 1IC, con-
sists of chamber studies, bed-rest stud-
ies, and similar types of simulations as
sources of essential ground-based data.
{ndividual principal investigators do
obtain ground-based or control data as
part of their experiments. Neverthe-
less, economic considerations dictate
that evaluations of certain environ-
menta} factors — such as spacecraft at-
mosphere by long-term chamber stud-
ies, weightlessness effects simulated by
bed rest, etc.—are best made by
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Artist’s rendition of IMBLMS concept, which would include two or three consoles, plus five or
six pieces of peripheral equipment. Presently identified perinheral equipment includes: a bicycle
ergometer, a rotating litter chair, a body-mass measurement system, a lower-body negative-
pressure device, and a specimen-mass measurement system.
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NASA, with the participation of all
principal investigators whose flight
findings would be influenced by thesc
aspects of the environment.

Impetus to Bioinstrumentation

1 believe that NASA has succeeded
in providing impetus to the whole field
of bioinstrumentation. This is not
meant to imply that NASA created

this field, but that by pointing to its’

own unique needs for bioinstrumerita-
tion and telemetry, NASA played a
highly important and effective catalyst
role in the rapid growth of the field,
Other new needs, and the neads for
refining existing medical techniques
are .continually being identified; the
results of the studies and develop-
ments generated by these needs are
likely to be useful in a broader sense
than aerospace applications. We need,
for example, to devise non-invasive
methods of determining cardiac out-
put, central and peripheral venous
pressure, deep regional blood flow,
etc. For purposes of convenient bio-
chemical analysis in the space milieu,
we need reagents that are non-toxic
and non-iquid, or techniques which
avoid the use of chemical reagents
altogether. And in general, we need to
improve the accuracy and practicality
of our measurement techniques,
Lastly, there is also a unique require-
ment in this type of directed research,
which is rarely if ever mentioned. This
is the need to compress new technique
evaluation and verification time-spans,
in order to establish accuracy, reliabil-
ity, repeatability, and in some in-
stances interpretability.

Testing Man in Motion

An interesting paradox exists be-
tween the practice of medicine in the
environment of the Earth and that in
space: in Earth’s normal environment
medical science is oriented to the




“For purposes of convenient biochemica! analysis in the space milieu, we need reagents that are

non-toxic and na:-liquid, or techniques which avoid the use of chemical reagents altogether,”

study and treatment of man’s ab-
normal conditions, and measurements
are made mostly in his static state;
whereas aerospace medicine is oriented
to the study of essentially normal man
in his active working state — within an
abnormal environment. One result of
the association of these different view-
points has been the new trend of
monitoring and recording human bio-
medical data, on Earth, during man’s
normally active state. NASA Head-
quarters, and now many other organi-
zations, have been using portable,
Walkie-Talkie size devices for record-
ing biomedical data as part of annual
checkups — while the subjects are in
process of their normal daily activities.

Influence of Space Medicine

NASA’s program of inedical experi-
ments can ' perhaps be considered
unique in that it is a program of
directed or goal-oriented research,
centered on a set of rather unusual
requirements. Yet, this work is an
integral part of medicine and medical

research in general. As we progress in
our efforts this fact wiii become more
apparent.

Space medicine has already had very
significant, although largely indirect,
influence on health care as evidenced
in a number of ways: in the use of
bioinstrumzntation in intensive care
units, in computer technology for
more accessible and quickly available
medical data, and in dynamic (as
opposed to static) electrocardiographic
and other evaluations for earlier identi-
fication of potential medical problems.

| believe that as we continue these
endeavors, applications to clinical
medicine in the form of specific tech-
nologies, information and approaches
—as well as those due to stimulation
of certain areas of research — will in-
crease exponentially> With the growing
interest of clinical medicine in the
relationships of the environment with
health, the contributing influence of
space medicine, which is a form of
environmental medicine, is des-
tined to be even further enhanced.
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OSSA’S R&D TASKS TOWARD SEVENTIES M
STRESS SATELLITES FOR SERVING MAN

Interview with Dr. John E. Naugle

Associate Administrator for Space Science and Applications,

Despite NASA budget decreases over recent years, the budget of the Office of Space Science
and Applications has continued to increase, with emphasis on applications

By the very scope and spectrum of
its tasks NASA’s Office of Space Sci-
ence and Applications (OSSA) will be
operating at the forefront of some of
the Seventies’ major challenges. Basi-
cally, our responsibilities span activi-
ties centering on four prime functions:

® Seleciion of the science and ap-
plications payloads for both auto-
mated and manned missions. We work
very closely with the Office of Manned
Space Flight to develop the scientific
and applications experiments for the
Apolio missions and the projected
Skylab.

® Development of automated
space flight projects for science and
appilications,

® Execution of cooperative inter-
national programs.

® Mission support and launching of
small and medium class vehicles
(Scout, thrust-augmented Thor Delta,
thrust-augmented Thor Agena, and
Atlas-Centaur) for both NASA and
non-NASA users such as ESSA,
COMSAT, and other nations.

Dual Overlay of Responsibilities

From an overview standpoint, these
functions translate themselves into a
dual overlay of personal responsibil-
ities: first, as a Program Associate
Administrator, I'm charged with the
management and technical direction of
OSSA R&D programs and projzcts,
which involve work in virtually all
NASA Centers; and second, from an
institutional position 1I'm assigned the
overall management of the Goddard
Space Flight Center, the Wallops Sta-
tion, the Jet Propulsion Laboratory,
and the NASA Pasadena Office (see
accompanying charts).

Putting the total tasks of the OSSA
in context of the climate of the
Seventies, we can summarize our fore-
most challenge as ‘“operating in a
balanced mode.” 1 mean balanced
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"Over the years the number of competent individuals aware of space opportunities for
experiments has grown steadily in the scientific community; yet such opportunities for their
participation have steadily declined, in recent years, due to the shrinkage in funding."

from the viewpoint of program objec-
tives tempered by equal consideration
to exploration, scientific knowledge
and practical application — as pre-
scribed by the President,

In view of the international climate
and conditions that prevailed at the
start of the last decade, the main
thrust of our space efforts was pointed
toward exploration. Having acquired a
basic lead in space exploration, scien-
tific knowledge, and technology, we
can now apply this experience toward
the study and solution of looming
earthly problems, Before discussing
how we are preparing to work on some
of these complex problems, | should
like to touch on an aspect of national
significance in the long run. Apart
from the scientific and technological
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legacies from the space efforts of the
Sixties, we have also acquired a new
awareness of the opportunities for
scientific experiments in space. Over
the years the number of competen:
indjviduals aware of space opportuni-
ties for experiments has grown steadily
in the scientific community; yet such
opportunities for their participation
have steadily declined, in recent years,
due to the shrinkage in funding. Con-
sequently, during the last two to three
years we have been able to accommo-
date only 10% to 15% of the first-class
experiments proposed by the scientific
community. And this spells the second
major managerial challenge for the
0SSA. for the Seventies: a very tight
selection and coupling of missions,
people, and experiments,

73

| L s




'SCIENCE AND ‘APPLICATIONS IN THE NASA GRGANIZATION

ADMINISTRATOR

GENERAL . @ o
MANAGEMENT -

©UADMINISTRATION: . | o] | SENIOR STAFF

- PROGRAM MANAGEMENT -~ .~

ot

| :OFFICEOF. -
|0 MANNED. - &
. -SPACE FLIGHT .~

v officeofF |- | . OFFICEOF -
<"~ | ADVANCED RESEARCH| ©© *} * TRACKING -
“ " & TECHNOLOGY - |. | & DATA"ACQUISITION

. OFFICEQF " | © 7
* | SPACE SCIENCE - ‘|- .«
"] ‘& APPLICATIONS

y

ianctev: || tews ] )scRieis ]
5 RESEARCH: .| -| - RESEARCH .}° | "RESEARCH - |~ . -
. CENTER || CENTER ° " CENTER

“MARNED | | antes
SPACECRAFT-
" CENTER

- MARSHALL. |-
SPACE FUGHT|.

" Jocooomro | L e s
“ Rspace ruant] : | rroPULSION
“ [ CENTERS . | - LABORATGRY. | -

' AGENA'
JTCENTAUR.
CATIAS -

STITAN I

ERIC*
| 2o 7 3




Applications Funding Up

Returning now to the major earthly
problems, to the study of which
NASA is preparing to apply its re-
sources and experience, we have in
FY 1971 allocated to space applica-
tions R&D $69 million over that allo-
cated in 1969. Even though the total
NASA budget has decreased over re-
cent years, the OSSA budget has con-
tinued to increase as shown below,
with the major share of that increase
going to applications.

In essence, in the allocation of its
scarce resources NASA has emphasized
projects which may help solve our
problems of immediate priority and
has deferred major new starts whose
objectives are primarily to gain new
scientific knowledge. But obviously,
promising scientific projects could not
be deferred indefinitely, without
mortgaging to some extent the techni-
cal progress, the economic vitality, and
ultimately the security of this nation.

/ss reflected in the preceding table
of allocations, OSSA R&D programs

AN

are grouped into five major categories
of which Space Applications is one.
All these categories of efforts are
obviously essential to a balanced space
program. But for the specific purpose
of spotlighting the role of the OSSA
with regard to the major and pressing
problems of the Earth, | shall confine
this discussion to Space Applications.
What are our problems of global
dimensions now and for the vyears
ahead, and what challenges do these
present in particular to the OSSA?

Problems of Population

In most basic terms, our major
global problems are derivatives of the
continuing growth of the world’s pop-
ulation — imposing ever-growing de-
mands for the basics of life, such as
food, water and shelter, as well as for
such social needs of civilization as
improved means of transportation and
communication. And of course the
most noxious effect of expanding pop-
ulation and industrialization has been
the pollution of the Earth’s environ-

OFFICE OF SPACE SCIENCE AND APPLICATIONS
FY 1971 Research and Development Budget
Program Summary
(Dollars in Thousands)

FY 1969 FY 1970 FY 1971

Physics & Astronomy 128,850 111,835 116,000
Lunar & Planetary 87,923 151,013 144,900
Bioscience 37,900 19,670 12,900
Space Applications 98,665 128,400 167,000
Launch Vehicles 99,900 108,000 124,000
TOTAL OSSA R&D 453,238 519,718 565,700

“During the last few years we have been
able to accommodate only 10 to 15% of the
first class experiments proposed by the
scientific community."’
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ment and. the effects of this pollution
on the mechanics of this environment,
Whereas primitive man was once at the
mercy of the elements, we are fast
approaching the time when both
“civilized” man and his environment
“the elements’ will be at the mercy of
his waste. The actions the President
has recommended in his message on
the environment are essential steps
that must be taken now to begin a real
attack on this problem. But in the long
run, the only way we can really
understand and control this situation
is on a world-wide basis. If we are to
maintain the Earth as a habitable
dwelling place for some ten billion
human beings in the next century,
then we must master the ecology of
the planet Earth. The synoptic view
that satellite systems give us can help
us to understand and develop the
Earth’s natural and cultural resources
and to monitor the status of the
environment. Through effective use of
our space capabilities we can begin to
understand more thoroughly the com-
plex interactions between solar energy,
the atmosphere, the oceans and the
land — interactions which determine
our weather and climate. Man has
learned many things about his environ-
ment, but exceedingly serious gaps
remain. We know, for instance, that
there have been major changes in our
climate, but we do not know what
caused them. We have no idea how
stable our present climate is, or how
much of a perturbation the environ-
ment can tolerate in atmospheric pol-
lution, in ground cover, or in ground
water without undergoing catastrophic
changes.

These questions spell out a host of
scientific and technological tasks for
NASA and particularly for the Office
of Space Science and Applications
(OSSA). Let’s now briefly review
OSSA’s Space Applications Programs,
as they relate to some of the major
challenges of the Seventies.

Space Applications Programs

Our Space Applications Programs
are grouped under two functional cate-
gories: Communications Programs and
Earth Observations Programs.

Communications Programs: The
objective of these programs is to apply
space technology and satellite systems,
to better serve the national and inter-
national needs for communications —
with and between earthbound, air-
borne, and spaceborne terminals — and
to continually improve capabilities for
terrestrial air and space vehicle naviga-
tion and traffic control. These pro-
grams also include satellite geodesy,
which has as its objective the improve-
ment of our knowledge of the size and
shape of the Earth and its gravity field.

The Applications Technology Sate's
lites (ATS) and the Geodetic' Zzrth
Orbiting Satellites (GEOS) have becn
the prime means for attaining the
objectives of the Comrunications Pro-
grams. Since the ATS-1 and -3 space-
craft systems have continued to func-
tion after. most of the planned experi-
ment programs have been completed,
we have developed plans to use ATS-1
and -3 for new experiments. As an
example, we have approved the pro-
posal by the State of Alaska to con-
duct educational television and radio
broadcast experiments through ATS-1.

ATS-5 was launched in August
1969. However, deployment of the
satellite in a spin-stabilized mode
about the wrong spin axis prevented
the operation of Gravity Gradient
Stabilization system, Although we
class the mission a failure, we expect
to meet many objectives of 7 of the 12
experiments on ATS-5, including the
experiments which are important to
the design of future navigation and
traffic control satellite systems.

In 1969 we completed the design
phase of the ATS-F and G project, and
shall now proceed with its Phase D,
hardware development. However, be-
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cause of the need to minimize expend-
itures, the launch of these satellites has
been postponed until 1973 and 1974.

For fiscal year 1971 we also re-
quested and received authorization to
initiate the definition and design of an
experimental satellite system to im-
prove over-ocean aircraft navigation
and traffic control. We shall continue
to work jointly with the Federal Avi-
ation Administration and with the
European Space Research -Organiza-
tion in this definition and design
phase.

Earth Observations Programs:
Here's where we concentrate our ef-
forts toward a better understanding of
this planet’s environment. There are a
number of reasons why we believe we
should move aggressively into the
fields of Earth observations:

7. Research by user agencies and
recommendations of National
Academy Summer Study Groups have
clearly demonstrated that attainable
and significant contributions to the
solution of Earth observation prob-
lems can be obtained through applica-
tion of space and astronomical tech-
niques to problems related to solid
Earth and ocean physics.

2. |mprovements in space tech-
nology and verification of our ability
to produce suitable space sensor sys-
tems have reached the point where
such valuable products can be pro-
vided to the resource and environ-
mental scientists.

3. Verification of the useful nature
of space-acquired remote sensor data
has been obtained throughout the re-
source and environmental scientific
community.

4, Ability to use the data is being
developed rapidly in the user agencies,
the world of commerce, and the aca-
demic community.

5. Results from research and devel-
opment, and experimental satellites in
the meteorological program are ex-
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ceeding the expectations of the origi-
nal concepts. We fully expect these
advancements to continue to metcor-
ology, and expect a parallel and pos-
sibly even more significant history of
valuable application and development,
and opening of new horizons for im-
proved methods to help us face the
critical resources and environmental
crises of the nation and the world.

Among the many recent achieve-
ments of the Earth Observations Pro-
grams | would like to highlight, in
particular, three: the results of NIM-
BUS 3, of TIRUS-M, and those of the
Mulltispectral
from APGLLO 9.

Probably the most significant
achievement of the past calendar year
was the successful measurement from
space of the vertical distribution of
temperature, rszone content, and water
vapor contert in the atmosphere by
sensors instufled on NIMBUS 3. Two
experimental sensors, the Satellite In-
frared Spectrometer (SIRS) and the
Infrared Interferometer Spectrometer
(IRIS), have demonstratey the feasibil-
ity of obtaining atmospheric tempera-
ture soundings from space. This new
capability, which represents a genuine
breakthrough in meteorological tech-
nology, will enable us to obtain quan-
titative data from the entire globe,
rather than from the conventional
stations — located mostly in the
temperate belt of the northern hemi-
sphere — from which we now obtain
such soundings of the atmosphere.

The prototype of the next genera-
tion of operational meteorological
satellites, TIROS-M, or ITOS-1 as it is
now known, was successfully launched
in January 1970, TIROS-M provides
day and night observations of cloud
cover, and combines in one spacecraft
the ability to provide both a picture of
the global cloud cover and a picture of
the local cloud cover to stations below
the satellite’s path. Previously, two

Camera Photography

spacecraft were required to provide

_ the same capability.

Another highlight was the multi-
spectral camera photography (S065)
experiment on APOLLO 9. In this
experiment cameras were flown that
were designed to provide the same
resolution and cover the same parts of
the color spectrum as the television
cameras we have planned for the Earth
Resources Technology Satellites. The
S065 pictures, together with concur-
rent aircraft pictures, show that at the
resolution obtainable from television
cameras planned for the Earth Re-
sources Technology Satellite the tonai
signatures, combined with sequential
coverage, can .be used to ideritify
crops, determine their vigor, and esti-
mate their yield.

The major Earth Observations pro-
jects are NIMBUS, the Earth Re-
sources Technology Saizllite, and the
Svnchronous Meteorological Satellite.
NIMBUS 4 launched successfully on
April 8, 1970, is continuing the work
of NIMBUS 3. We have two more
launches of this versatile meteorologi-
cal observatory, NIMBUS E and F,
scheduled in 1872 and 1973. Those
two observatories will explore the use
of microwaves to sound the atmo-
sphere, which will enable us to sound
through cloud layers. We shall also use
NIMBUS E and F, in conjunction with
the Applications Technology Satellites
F and G, to test the feasibility of data
relay and satellite tracking.

We are also proceeding with the
development of a Synchronous Mete-
orological Satellite (SMS), with the
launch of the prototype spacecraft
scheduled for early 1972, The SMS
will provide the capability to achieve
continuous observations of selected
portions of the Earth’s cloud cover,

The Earth Resources Survey Pro-
gram is progressing toward the launch
of the first Earth Resources Tech-
nology Satellite, ERTS-A, in 1972, but
we still have a lot of work to do. Some

prototype experiments have been con-
ducted through the aircraft program;
some Earth-oriented space photogra-
phy has been obtained through the
manned space-flight programs; and an
analog of the television camera sys-
tems that are planned for ERTS A and
B was tested on the S065 experiment
on APOLLG 9.

All these dlata sources and experi-
mental programs have been developed
by NASA in close cooperation with
the Departments of Agriculture, In-
terior, Commerce, and Navy, The aca-
demic and industrial communities also
have been included in this program
through direct NASA support and
through cooperative programs with the
user agencies.

Experience *~ date with a large
variety of data sources and extensive
analysis programs indicates that we
can, with continuing cooperation of
the user agencies, move toward our
goal which has been stated in NASA’s
report to the President’s Space Task
Group as:

“To establish a capability for re-
sponsible management of the Earth
resources and human environment.”

Academic Lag in Applications

Needless to say, both material and
manpower resources are essential to
the success of any program. But while
material resources can be allocated or
shifted between priorities, resources of
experienced and competent manpower
can hardly be produced on demand.
This is another way of saying that to
be able to make the most of our space
capabilities for service to man, we shall
also need in greater numbers scientists,
engineers and administrators, who
understand the Earth’s ecology as well
as spacecraft technology and capabili-
ties. For our space science and explor-
ation programs we have in the past and
shall continue to engage the best talent
in NASA Centers and the academic
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community, It is important to involve
the sciencsts in universities because
they can feed the newly acquired
knowledge directly into the main-
stream of our academic life, thus
making it possible for us to get new
PhD’s who have teethed on some of
our new programs, Yet, | feel we have
not had academic involvment in appli-
cations sciences to the same extent as
in pure science, and | consider this to
be one of our vital needs for the
future. | can judge this need from the
fact that in inviting proposals for
experiments from universities we
usually receive about 10 to 15 of
purely scientific nature to one or two
that are oriented to understanding the
basic problems of the ecology of the
Earth,

Another good reason for strengthen-
ing our academic orientation toward
applications is the greater opportuni-
ties that will become available later in
this decade through the Space Shuttle,
We are presently studying ways of
delivering and supporting both applica-
tions and exploration payloads
through the use of the Shuttle. Our
studies are aimed at ways of reducing
space transportation costs, and of
maximizing the results we obtain from
the payloads we place in space,

Ways of the World

While we are discussing the role of

. the academic community in orienting
" the coming generations of scientists
- .and engineers to the needs and oppor-

tunities ahead, 1 should like to suggest
if | may the cultivation of one more
attribute in the well-informed and
highly enthusiastic youth of today. |
feel the academic community is doing
a splendid job in imparting technical
education to an exceptionally bright
generation of budding engineers and
scientists. 1 only wi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>